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PREFACE 

Whilst conducting laboratory classes in Electrical Engineering the 
author has felt the need of a laboratory Manual suitable for that 
portion of the student's training usually called "Preliminary 
Grade," and preceding the more advanced work on Dynamos and 
Motors. To successfiSly carry on a large class without some such 
help is an impossibility, and the author hopes that this attempt to 
meet an undoubted want will prove of some service to teacher and 
student alike. The book contains, besides chapters on the more 
purely physical measurements of resistance, E.M.F., and Current, 
special chapters devoted to the Potentiometer and Calibration of 
electric measuring instruments. 

The last chapter (Section M) consists of a series of purely 
technological experiments of a miscellaneous character. The author 
wishes to draw special attention to the fact that almost every 
experiment in this and the preceding chapter is followed by an example 
actually worked by his own students at Blackburn. These examples, 
besides serving to indicate the degree of accuracy expected from an 
average student, will also afford considerable help to a student carrying 
out the experiment. For obvious reasons these practical examples 
are not written up quite complete. An elementary knowledge only 
of algebra has been assumed. 

The author would be glad at any time to receive and acknowledge 
suggestions for additional experiments for this chapter to be inserted 
as an appendix in a future edition. 

Attention is also drawn to the standard specifications in Appendix 
I., and to the Tables, etc., in Appendix II., which contain all the 
figures of reference required in the book. 

The author's heartiest thanks are due to his former teacher. 
Professor W. W. Haldane Gee, of Manchester, for many valuable 
suggestions and advice ; and to Mr. Fred Farrar, Demonstrator at 
Blackburn, for his assistance in choosing the worked examples and for 
reading proofs. 

JOHN ROBERTS, Jun. 

Blackbubk, 

August 3, 1906. 
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CHAPTER I 



THE GRAPHICAL REPRESENTATION OF 
EXPERIMENTAL RESULTS 

As a general rule, the results of an experiment are better recorded in 
the form of a curve than as columns of figures. The advantages of 
such a record are many, prominence being accorded to the fact that 
the nature of the variation of one quantity with the other can be 
more readily seen and understood than is possible with the results 
in tabular form. Inevitable errors of observation, etc., are also 
more easily seen and corrected, and the most probable corresponding 
intermediate values of the quantities (which generally are unobtain- 
able from columns of experimental results) are at once obtained by 
inspection of the curve. 

In a great many cases the '' law " of variation of one quantity 
with the other can be expressed in mathematical form, and if such a 
law exists, its general form can be deduced by inspection of the 
shape of and the correct arithmetical values of the symbols it 
contains obtained by taking " points " on the curve. Only the very 
simplest laws can be obtained from results in tabular form. 

The purpose of this chapter being to explain the deduction of 
the simple laws most frequently met with in practice from curves 
plotted to experimental results, the actual process of curve-plotting 
will be taken as understood. Sufficient it is to remark that one set 
of quantities, usually called X, are referred to one axis, the abscissa, 
or horizontal line ; and the other set of quantities, called Y, to the 
ordinate, or vertical line. Points representing corresponding values 
of X and y are plotted on the paper, and an even curve drawn 
through them. The curve so obtained then represents the most 
probable corresponding values of, or the relation between, the two 
quantities x and y ; and if the quantities plotted are experimental 

B 
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2 LABORATORY WORK IN 

results, their accuracy or otherwise of measurement or observation 

can be judged by the proximity or otherwise of the points to the 

curve. 

Experiment No. i. — Plot the following curves : — 

(i.) The relation between the speed (K.P.M.) and E.M.F. of a 

dynamo (volts), given the following values : — 



Speed (R.P.M.) 300 


536 


696 


842 


985 


1100 


1210 


1360 


E.M.F. (volts) 


25 


45-5 


58-6 


710 


83-2 


930 


102-2 


1160 




500 



1000 w 

Speed (R.P.M.) 
Fig. 1. 



(ii.) The relation between the diameter (d) and area (A) of a 
circle, given the following values : — 



d(cm8.) . . 


0-5 


10 


1-5 


20 


2-5 


3-0 


3-5 


40 


A (sq. cms.) 


01964 


0-7854 


1-767 


3142 


4-909 


7069 


9-621 


12-57 
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4 d(cms) 



(iii.) The relation between an angle and its sine. 

(iv.) „ „ „ „ COSINE. 

(v.) „ „ „ „ TANGENT. 

All three curves to be plotted on the same base and for angles 
up to 90°. Values of sin, cos, and tan are given in the tables at 
the end of the book. 



CO ^1*^4, 




10 20 30 40 50 60 70 80* 9Q 
Angle o( 

Fig. 3. 
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To find the Equation or Law of a Simple Curve. — The 
general law of the type of curve shown in curve (i) is 

y = mx + C 

where y and x are corresponding values of the two quantities, and 
m and C are constants. Such "straight-line" curves are called 
" Curves of the First Degree." 

The general law of the type of curve shown in curve (ii) is 

y = mx** + C 

where m, C, and n are constants. Such a curve is a " Curve of the 
Second Degree." 

To find the Law of a Curve of the First Degree.— A test on 
a large steam generator gave the following results : — 



Total steam, lbs. . 


14,600 


12,500 


10,400 


8,315 


4,020 


1,800 


Output, kilo- watts . 


600 


500 


400 


300 


100 






When plotted on squared paper, they are found to give a straight- 
line curve, as in Fig. 4. 




Output in Kilo Watts 
Fid. 4. 



The general law of this curve is — 

y = mx + C 
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from which it is evident that when a; = y = C, or C is the reading 
where the curve cuts Oy, the axis of y, as shown in the figura Draw 
a line at a distance C from Ox as shown, then from the curve it is 
evident all ordinates, such as ab, cd, etc., measured above this line 
to the curve increase in direct proportion to the corresponding values 
of X, xi, 052, etc., or that for values of y measured above the link 
line ac — 

y = mx 

where m is a constant 

Clearly for values y measured from Ox 

y = mx + C 

which proves the general law stated above. 

To find the law, choose any two points, b and d say, and take 
the values of xi yi and x^ y% and insert in the general equation, 
thus — 

7170 = wwj 250 + c 
I3f540 = mx 550 + c 



By subtraction- 



By substitution — 



6370 = 300 m 
:, m = 21 '23 



7170 = 21-23 a;.250 + c 
/. c = i860 

So that the law of this curve is — 

Steam (lbs.) = 21*23 x Kilo Watts + i860. 

To find the Law of a Curve of the Second Degree. — The 

following figures were obtained in a test on an electric motor : — 



Armature voltage 


150 


130 


110 


90 


70 


50 


Watts consumed 


706 


637 


577 


523 


480 


445 



The curve plotted to these figures is the thick black one in 

Fig. 5 below- 
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AnnATunc Vxtasc 
Fig. 5. 

It is thought from the appearance of the curve that it follows 
the general law of the Second Degree curves, viz. — 

y =r rn^ + C. 

Obviously, when a; = y = C, or C is given by the ordinate oz 
in the figure, the curve being estimated to continue along the link 
line shown. This gives C equal to about 412. As before, draw the 
line zac equal to C ; then it is clear that if the curve does follow 
the law — 

y = maj" + C, 

the ordinates ah, cd, etc., represent the quantities mxi^, moc^, for 
values xiy x^, etc., of x. 

The expression y = mx^ + C may be written 



or 



y — C = mx^ 
log (y - C) = log m + n log x. 



Since m and n are constants, it follows that a curve plotted to the 
values log (y — C) and log x will be a straight line. Hence this 
provides a means of ascertaining whether the curve follows the law 
stated. Values o^(y — C) are given in the curve by the ordinates 
ab, cd, etc., for the values xi, 0C2, etc., of x, the value of C being 412. 
Taking points, the following values are obtained from the curve : — 
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Volts .... 


40 


60 


80 


100 


120 


140 


Watts .... 


433 


460 


497 


547 


605 


673 


(Watts - 412) . 


21 


48 


85 


135 


193 


261 


log volts . . . 


1-6021 


1-7782 


1-9031 


2-000 


20792 


2-1461 


log (Watts - 412) 


1-3222 


1-6812 


1-9294 


2-1303 


2-2856 


2-4166 



Plotting the last two columns give the following curve : — 




Fi&. 6. 

It is seen that the points lie very well on a straight line, indicating 
that the curve is of the Second Degree. If the points were found not 
to lie on a straight line, then the curve follows some law (if at all) 
which is beyond the scope of this short chapter. However, it can 
safely be said that the great majority of the more common laws met 
with in practice are those of the First and Second Degree. 
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To find the Law. — Having ascertained that the curve follows 
the second law, and knowing the value of (412), the next step is to 
find the values of m and n. We have seen that the law may be 
stated — 

log (Watts - C) = log m + n log volts 

Inserting the values for any two points on the curve, say d and h, 
gives the two equations — 

log (673 - 412) = log m + w log 140 ) 
log (460 - 412) = log m + ?t log 60 I 

From the tables of logs — 

2-4166 = log m + ^ 21461 
1-6812 = log m + ^ 1-7782 

By subtraction— 0*7344 = 0-3679?i 
/. n = 2* 

To find the value of m, substitute for n in any of the equations 
given above, viz. — 

log (673 - 412) = log m + 2 log 140 
/. 2-4166 = log m + 2 X 2-1461 
.•. log m = — 1*8756 or 2-1244 
Anti-log 2-1244 = 001331 

/. m = 0*01331 (say 00133) 

Hence the law of the curve is — 

WATTS = 0-0133 VOLT* + 412 

Experiment. — Find the laws of curves (i) and (ii) in this chapter. 

* 0-7354 -4- by 0-3679 gives 1-9986; but as the values inserted in the equations are 
estimated from the curve, the value 2 is just as likely to be correct as 1*9986, and is 
much more convenient to state. 
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CHAPTER II 
VERIFICATION OF OHM'S LAW 

Experiment No. Oi. — Verification of Ohm's Law (Constant 
Resistance Method). 

Introduction. — Ohm's Law states that the current flowing in a 
circuit is equal to the ratio of the applied E.M.F. to the total 
resistance of that circuit. 
If = current flowing, 

E = E.M.F. applied, 

E = total resistance of the circuit. 

Then C = I 

The object of this experiment is to show that if the total resistance 

E 
R of the circuit is unaltered, the ratio of E.M.F. to current, or 7^, is 

\j 

also constant. 

Diagram of Connections. — 

B 



m 



^ww /ww [ •<A>-I 



Fio. 7. 



Apparatus required. — 

B = battery of several similar cells of equal and constant E.M.F. 

and small internal resistance. 
R = adjustable resistance. 



Digitized by 



Google 



lO 



LABORATORY WORK IN 



A = low-reading ammeter (milli-ammeter), or a galvanometer of 
which the relation between the current passing through it 
and the deflection produced, is known, i.e. a tangent or 
a sine galvanometer. 
S = switch or key. 

Method. — (1) With the maximum number of cells in series, and 
with S closed, adjust E so as to obtain a conveniently large deflection 
on A. (Note. — The value of E should be large compared with the 
internal resistance of the battery B, which may be taken as a maxi- 
mum of three ohms per cell for Leclanche cells.) Note the current 
indicated on A, and N the number of cells. 

(2) Eemove one cell, leaving E unaltered. Note the new value 
of C and the number of cells. 

(3) Continue to remove one cell at a time, noting in each case the 
number in circuit and the indication on A. 

Results. — Tabulate your results thus — 



I. 


II. 


ni. 


lY. 


No. of cells, N. 


IndicationB of A = C. 


Ratiog 


Bemftrks. 




- 







If a galvanometer be used for A, tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. 


No. of cells, N. 


Defloctlon on gal- 
yanometer 8. 


Tan S or sine 8. 


Ratio ^ 


Remarks. 


tan 8 or sine 8. 













Plot a curve showing the relation between N and C, taking values 

of N for abscissae, and values of for ordinates. Show from the 

N 
curve so plotted that the ratio ^ is constant. 
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If a galvanometer has been used for A, substitute tan 8 or sine 8 
for C in above, and proceed as indicated. 



Experiment No. Oa. — Verification of Ohm's Law (Constant 

E.M.F. Method). 

Introduction. — Ohm*s Law states that if in a circuit the applied 
E.M.F. is kept constant, then the product of the total resistance of, 
and the current flowing in the circuit is constant also. 
If C = current flowing, 
E = E.M.F. applied, 
E = total resistance of the circuit. 

Then E = C . R 

The object of this experiment is to show that by keeping E 
constant, the product of C and E is also constant. 
Diagram of Connections.— 



B 



^l'l# 



s 

^6- 



' — MAA/ y/WV p \E)^ 

Fio. 8. 

Apparatus required. — 

B = battery of several cells of constant E,M.F. and low internal 

resistance compared with E. 
E = known adjustable resistance. 
A = low-reading ammeter. 
S = switch or key. 

Method.— (1) Place the maximum E in circuit and close S. 
Note the value of E and the current indicated on A. 

(2) Decrease E by an amount sufficient to alter the indication 
on A by a suitable step. Note the new values of E and C. 

(3) Eepeat operation (2) until a suitable range of values of E 
and C (say of about 10 readings) has been obtedned. 
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Results. — Tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. 


Resistance, B. 


Indications on A — C. 


Values of g 


Values of C X R. 


Remarks. 













1 / E\ 
Since E is constant, R varies as p,( R = ^J. Plot a curve having 

values of B for ordinates^ and of ^ for obscissae, and show how the 

curve obtained proves the law stated above, viz. C X R is constant. 

If a galvanometer be used for A, proceed as explained in the 
previous experiment. Also, if the internal resistances of the battery 
B and galvanometer A are not small compared with B, their 
resistance will have to be added in each case to that of B, and the 
sum, being the total circuit resistance, entered in column I of the 
table of results. 



Experiment No. O3. — Verification of Ohm's Law (Constant 
Current Method). 

Introduction. — Ohm's Law states that if in a circuit the current 
is unaltered, then the ratio of the applied E.M.F. to the total 
resistance of the circuit is also constant. 
If C = current flowing, 
E = E.M.F. applied, 
B = total resistance of the circuit, 



Then C = 



The object of this experiment is to show that if C is kept 

constant, the ratio :g is also constant. 
Jtc 
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Diagram of Connections. — 

B 



13 



^l'l# 



^wW )A/wv r G>- 



Fio. 9. 



Apparatus required. — 

B = battery of several cells of equal and constant E.M.F. and 
low internal resistance compared with £. 

B = adjustable known resistance. 

A = low-reading ammeter. 

•S = switch or key. 

Method. — (1) Using all the cells in series, adjust R to obtain a 
convenient C indicated on A. Note E and N the number of 
cells. 

(2) Bemove one cell and adjust B so as to obtain the same C as 
formally indicated on A. Note E and N. 

(3) Bepeat (2), noting for each value of N the corresponding 
value of B to obtain the same C indicated on A. 

Results.— Tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. 


BeBistance, R. 


Indications on A — C. 


No.ofcen8,N. 


Ratio| 


Remarks. 













N 



Since N represents the E.M.F. of the battery, the ratio rjr should 
be constant. Plot a curve having values of N for ordinates and of 
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14 LABORATORY WORK 

E for abscissae, and show how the curve obtained proves the law 

E 

stated above, viz. ^ is constant. 

If a galvanometer be used for A, and if the sum of its resistance 
and that of the cells is not small compared with E, the same remarks 
apply here as in the last experiment. 
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CHAPTER III 
THE MEASUREMENT OF RESISTANCE 

E^xperiment No. Ri. — The Resistance of a Uniform Wire 
is Proportional to its Length. 

Introduction. — The resistance per unit length of a uniform wire 
is the same throughout its length. The experiment is to prove that 
the resistance between two points is proportional to the length of 
wire between them. The method employed is a direct application 
of Ohm's Law (viz. that with a steady current flowing along a wire, 
the resistance between two points is directly proportional to the 
potential difference between them); and consists in directly measuring 
the drop of potential over various lengths of a uniform wire through 
which a steady current is flowing. 
Diagram of Connections. — 

B 



r-<VWW\p— |l|l cr^ 



■'«''' 




r 



Fig. 10. 

Apparatus required. — 

B = battery. 

E = resistance (say 10 ohms). 

V = high-resistance low-reading voltmeter. 

S = switch or key. 

ah = uniform wire. 
Method.— (1) Place the movable contact point c of the Volt- 
meter a short distance from the end a of the uniform wire ah. 
Close S, measure the distance D of point of contact c from a, and 
note the reading on Y. 
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(2) Oradually increase D by moving the point c towards b, noting 
in each case the corresponding values of D and V. 
Results. — ^Tabulate your results thus — 



I. 


II. 


III. 


IV. 


Readings on V. 


Distance, D. 


V 

Batio ^ representing resistance 

per unit length of wire. 


Hemftrks. 











Plot a curve showing the relation between V and D, taking 
values of Y as ordinates, and of D as abscissae, and show how the 
curve obtained proves the law of the variation of resistance with 
length of a uniform wire. If a high-resistance galvanometer be used 
in place of Y, the currents corresponding to its deflections will need 
to be obtained, viz. for a tangent galvanometer tan B, for a sine 
galvanometer sine S, etc. 

Since these values represent the potential diflference at the ter- 
minals of the galvanometer they will be substituted for column III. 
above, and a column lY. giving the ratio tan S or sine S, etc., given to 
correspond with column III. above, and the curve plotted accordingly. 

Experiment No. R2. — Pall of Potential Method. 

Introduction. — The relative resistances of two portions of the 
same circuit carrying a current are directly proportional to the fall 
of potential along them. If, then, in a simple series circuit the falls 
of potential in two resistances, one of which is known, are measured, 
the other can be calculated. 

Diagram of Connections. — 

cyvwwwvv m^m/m»^ 

A A 

U0^ 




Fio, 11. 
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Apparatus required. — 

X = unknown resistance to be measured. 
E = known resistance. 
B = battery. 

V = high resistance voltmeter. 
S = switch or key. 
Method.— (1) Close S (having previously arranged the value of 
R, or the number of cells in B so as to allow a small current C only 
to flow). 

(2) Measure the fall of potential V^ along E. 
(^) » ^ » » Vx „ X. 

(4) As this method is dependent on C remaining constant over 
(2) and (3), check its constancy by again measuring V^. 

(5) Repeat the experiment for a larger and for a smaller number 
of cells, noting the corresponding values of V^ and V^. 

Then by Ohm's law — 

Vx = C.X. andVR = C.R 

C being the same throughout the circuit, we get — 

X : R = Vx : V^ 

.•.X = ^^.R 

Results.— Tabulate your results thus — 



I. 


11. 


III. 


IV. 


V. 


VI. 


Description of unknown 
redfltance, X. 


Value of R. 


Vx 


Vr 


X.V^.B 


Bemarks. 















If a high-resistance galvanometer of known law be used in place 
of V, the method given in the previous experiment should be 
followed. 
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Experiment No. R3. — Proportional Deflection Method. 

Introduction. — ^This method of measuring resistance depends 
upon the fact that the current flowing in a circuit is inversely pro- 
portional to the resistance of that circuit. If the resistance of the 
external circuit is small compared with that to be measured, and also 
with the known resistance employed, and if both circuits are supplied 
with the same E.M.F., then the values of the known and unknown 
resistances will be inversely proportional to the relative currents 
through each. 

Diagram of Connections. — 



W pwvw> 



— 0( A p-— 



wm/w^ 



lit 



B 

Fig. 12. 



Apparatus required. — 

B = battery. 

X = unknown resistance to be measured. 

E = known resistance. 

A = low-reading ammeter. 

S = two-way switch. 

Sh = shunt on ammeter A (if necessary). 
Method. — (1) Place S on X, and arrange for a convenient 
deflection on A by altering the number of cells at B, or by arranging 
a suitable shunt across A. Note the deflection Cx- 

(2) Switch S on E, leaving the rest of the circuit unaltered, and 
note the new deflection Cr. 

(3) Eepeat (1) and (2) for different values of Cj and Or. 
Then, as explained above — 



Cr : Cx : 
and .-. X 



X:E 
:?- I 
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I. 


II. 


III. 


IV. 


V. 


VI. 


Description of un- 
known resistance, X. 


Value of R. 


Deflection, Ox. 


Deflection, Ce. 


x.g.,. 


Bemarks. 















If instead of A a galvanometer of known law be used, then the 
values of Cx and Cr above will need to be found from their respective 
deflections 8x and K* ^^^ t^© value of X calculated as above. For 
example, with a tangent galvanometer, Cx is proportional to tan Sx, 
and Or is proportional to tan 8r. 

The relation then takes the form — 



tan 8r 
and .'. 



tan 8x : : X : E 



X = 



tan 8b 
tan 8x 



Experiment No. R4. — Substitution Method. 

Introduction. — If an E.M.F. E be applied to a simple circuit 
composed of resistances X, B, and A in series, then a certain current 
C (say) will flow through it whose value is given by Ohm's law — 



viz. C = 



E 



X + B + A 



If for the portion X of the circuit there be substituted a resistance 
'R, such that by doing so C remains unaltered, then the total resistance 
is the same as formerly, i.e. 



C = 



E 



E 



X + B + A E + B + A 
X + B + A = R + B + A 
.-. X = E 



The object of this experiment is to find the value of an unknown 
resistance X by substituting for it such a value of known resistance E 
as to leave C unaltered. Then X = E. 
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Diagram of Connections. 

Sh 



r^ 



<M/WWW> s 

i o - 



VWVN^y*'? 



AR 



l» 



-<wvwww> 



Fig. 13. 



Apparatus required. — 
X = unknown resistance to be measured. 
E = known adjustable resistances. 
AK = adjustable resistance. 
B = battery. 

A = ammeter (low-reading) or other current indicating instrument. 
S = two-way switch. 
Sh = shunt on ammeter A (if necessary). 

Method. — (1) Place S on X, and adjust AE to obtain a con- 
veniently small C indicated on A. Note C. 

(2) Leave AE unaltered, and place S on E. Adjust E so that A 
indicates the same current C. Note E and 0. 

(3) Eepeat (1) and (2) for various values of C obtained by 
adjusting AE, noting the values of C and the corresponding values 
ofE. 

Results. — Tabulate your results thus — 



I. 


11. 


III. 


IV. 


V. 


Deflcription of unknown 
resistanoe, X. 


Indication on 
ammeter = C. 


Value of R. 


Value of X(=E). 


Remarka. 













Note. — As the accuracy of this method depends on the E.M.F. of 
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B remaining constant for two corresponding readings, it should be 
checked each time by again switching S on to X, when the same 
reading C should be obtained. 

Experiment No. R5. — Wheatstone's Bridge Method 
(Preliminary Experiment). 

Introduction. — If an E.M.F. be applied to the ends of a parallel 
circuit of, say, two conductors, the total fall of potential will be the 
same in both; and, since the extremities of both are connected 
together, the fall of potential in both will be between the same 
absolute potentials. Hence for any point on the one conductor there 
will be a corresponding point (and only one point) on the other 
conductor at the same potential. Clearly, then, the fall of potential 
from the extremity of one conductor to the point considered in it is 
equal to the faU of potential along the other conductor from the same 
extremity to the point corresponding to that in the first conductor. 
. Similarly the fall of potential along the remainders of the conductors 
will also be equal. Further deductions from this will be made clearer 
from the diagram of connections. 

Diagram of Connections.— 



-g-LLiJ M [T-j 



^ 



JiJrrrr 



"tH 



ill — cf'^^^—^wm^>— 



s 

'B' 

Fia. 14. 

Apparatus required. — 

abc and adc = two uniform wires attached to suitable contact 
blocks aa and cc. 
B = battery. 
S = switch or key. 
G = galvanometer. 
E = resistance. 
Let b be the point considered in the first wire abc, then there is 
some point, d, in the second wire adc at the same potential as 6. This 
can be found by choosing point h on the first wire, and moving the 
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other wire of the galvanometer along ac until there is no deflection on 
6 ; then that point so found, d, is at the same potential as h (there 
being no flow of current between points of equal potential). The fall 
of potential along aJb is therefore equal to that along ad, and that 
along he to that along dc. But, from a previous experiment, the fall 
of potential in a uniform wire is directly proportional to its length, 
and therefore — 

length ab length be 



also 



length ad 
length oi 



length dc 
length ad 



length 



be length dc 



In this experiment it is required to verify these laws. 

Method. — (1) Close S. Choose a point, b, on wire abc, and with 
the other galvanometer wire find the point d in ode, where there is no 
deflection on G. Then d is at the same potential as K 

(2) Measure ab, be, ad, and dc, and note them. 

(3) Choose other points, b, and repeat (2), noting in each case as 
accurately as possible the lengths of wire ab, be, ad, and dc. 

Results. — Tabulate your results thus — 



I. 


ir. 


III. 


lY. 


V. 


VI. 


VII. 


VIII. 


IX. 


ab 


he 


ad 


de 


Ratio ^ 


Batio ^ 
dc 


Ratio ,''^ 
be 


Ratio ^ 
do 


Remarks. 





















Experiment No, R6.— Wheatstone's Bridge Method (Metre 
Form of Bridge). 

Introduction.— Eead the explanation in the Preliminary Experi- 
ment in this method. Keferring to the Diagram of Connections 
there, the potential drop in a conductor is proportional to the 
resistance between the two points considered, and therefore — 

resistance of ab resistance of be 



also 



resistance of ad 
resistance of ab 



' resistance of de 
resistance of ad 



resistance of be resistance of de 
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The following diagram represents the most usual form of Wheat- 
stone's Bridge for laboratory use. 
Diagram of Connections.— 



< M /WWWW < M A/WWWV 



mm u 



D ^ 




b 



Fia. 15. 



Apparatus required.— 

A = known resistance. 
B = resistance to be measured. 
dc = long uniform wire with graduated scale. 
b = battery. 

K = battery key or switch. 
Eeferrinoj to the relation given above — 
If D = length ad 
C = length dc 
A =5 resistance of A 
B = resistance of B 



Then A = 



B.D 



A.C 
B = -j3 



C = 



B.D 



and D = 



A^C 
B 



Thus, knowing any three, the fourth can be calculated. In the 
above diagram, B is the position of the unknown resistance, and its 
value is found by the expression given above, viz. — 



E = 



A.C 



Method. — (1) Close K and then d. Find the point d for no 
deflection on the galvanometer G. Open d and then K, noting the 
values of D and C in cms., and the resistance A in ohms. 

(2) Substitute other known resistances for A, and repeat 
operation (1). 
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Results. — Tabulate your results thus — 



I. 


ir. 


III. 


IV. 


V. 


A (ohms). 


C (cma). 


D (cms.). 


B = ^(ohm8). 


Remarks. 













Experiment No. R7.— Wheatstone's Bridge Method 
("Post Office Box" Form of Bridge). 

Introduction. — The diagram of connections given in the previous 
experiment is usually given by a diamond-shaped figure, which, 
for purposes of explanation, will be given here. The following 
diagram of connections corresponds exactly to that given in the 
previous experiment. 

Diagram of Connections.— 




Fia. 16a. 

The metre form of bridge is neither portable nor convenient in 
use. To meet these desirata a portable form of bridge, called the 
"Post office box," is used. A complete description of it may be 
found in any of the text-books on this subject. The diagram of 
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connections given below corresponds exactly to that given above, 
and will be easily understood by reference to it and to the actual 
box. 

Diagram of Connections. — 



^ 






K. ^' 




Fig. 16b. 



Apparatus required. — 

A, D, C, K, Ki = Post office box. 

B = unknown resistance to be measured. 
G = galvanometer. 
b = battery. 
In the box the portions A and D are called " proportional arms," 
and the portion C the " adjustable arm." 

Method. — (1) Take out plugs 10 and 10 in A and D, and the 
plug marked INF in C. Close K and sharply tap Ki ; the galvano- 
meter will be deflected, and this direction indicates throughout the 
experiment that C is too high. 

(2) Eeplace INF plug, and adjust C so that on closing K and 
tapping Ki an approximate balance is attained. 

(3) Obtain an accurate balance by closing Ki and adjusting C to 
get no deflection. If the value of C for an accurate balance cannot 
be adjusted it should be taken slightly greater, and then slightly 
less, and the true value of B calculated from the deflections on G by 
simple proportion. 

Note A, D, and C. 

(4) Eepeat for A and D =: 100, and then = 1000. Note A, D, and 
C in each case. 

(5) Eepeat for various ratios of A to D, noting in each case the 
values of A, D, and C. 
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Results. — Tabulate your results thus — 



I. 


ir. 


III. 


IV. 


V. 


VI. 


Bedstance tested, 


RcBistances. 


B = Jo. 


Bemarka. 


B. 


A 


D 


c 






1 

i 
1 







Experiment No. R8. — Wheatstone's Bridge Method 
(B. A. Wire Bridge). 

Introduction. — ^This form of Bridge is similar in principle and 
manipulation to that in Experiment No. 7, the diflference being that 
a large portion of the wires marked D and C in the diagram of 
connections for that experiment are replaced by coils having corre- 
sponding resistances to the portions they replace, the remaining 
portions of D and C being made into a longer length, thereby making 
it possible to obtain more exact results. 

The following diagram is lettered to correspond to those given 
in the previous experiments. 

Diagram of Connections. — 




Apparatus required. — 
A = known resistance. 
B = resistance to be measured. 
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D and C = known resistances replacing portions of former wires, 
D and C. 
xy = uniform wire — the remaining portions of former wires, 

DandC. 
G = galvanometer. 
h = battery. 
Ki and K = galvo and battery keys. 

From the above diagram it is seen that when a balance is 
obtained — 

A : B = D + resistance of length d of wire xy i G + resistance 

of length c of wire a?y . . . . (1) 
It will therefore be necessary to know the resistance per unit 
length of the wire xy. If this is not known, it should be found by 
making d = 0, and A = B. Then, by placing a known resistance 
at D, and adjusting another known adjustable resistance at C until 
a balance is obtained, 

D = C + resistance of xy, 

from which the resistance per unit length, say p, can be calculated. 
Hence from (1) above — 



A : B = D+d/9 : C + C|t) 
A(C + cp ) 



The method gives more accurate results when A and B, and G 
and D are nearly equal, so that d is nearly equal to e. 

Method. — (1) Close K and then Ki, and obtain a balance as 
before. Note A, G, D, rf, and c. 

(2) Alter the values of A, D, and C and again balance, noting 
A, C, Dy d, and c in each case. 
' Results. — ^Tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. 


VI. 


VII. 


VIII. 


IX. 


X. 




Besifltances. 




e 


k 


ep 


dp 


B A(C+cp) 


Bemarks. 


p 


A 


C 


D 


^" D+dp 
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Experiment No. Rg.— Direct Deflection Method of 
measuring Insulation Resistance. 

Introduction. — This method of measuring insulation resistance 
is the one most frequently employed in practice in the measurement 
of the insulation resistances of electric light cables, field-magnet 
coils, and of various other apparatus, in which an easy and convenient 
method is desirable. The principle of the method consists in sub- 
jecting the insulation to an electrical pressure somewhat higher than 
that to which it is normally exposed, and of measuring the small 
current passing through it due to this pressure. By comparing this 
current with that caused to pass through a known high resistance 
due to the same voltage applied, the insulation resistance of the 
apparatus tested is obtainable. 

Diagram of Connections. — 




Fio. 18. 

Apparatus required. — 

A = low-reading ammeter or galvanometer of known law, with 

E = known high resistance (about one megohm). 

X = apparatus to be tested. 

B = source of high E.M.F. (200 to 500 volts, according to the 
voltage to which the apparatus is normally subjected). 

S = two-way switch. 

Method.— (1) Connect up as in the diagram above, taking care 
to connect one wire to one or both ends of the field coil, so as to 
stand clear of any other apparatus, and the other wire to a suitable 
connection on the frame of the machine. Since this latter wire is 
practically earthed, the former connecting wire must be slung clear 
of all other apparatus between A and the field-coil wire, and should 
preferably be well insulated from A to B. The two-way switch S 
and the known high resistance E should also be very well insulated. 

(2) Place a shunt across the terminals of A, and tap S on E for 
a fraction of a second only. If the deflection on A is too large or 
too small, alter the shunt to give a convenient deflection when S is 
switched on E. Note the deflection on A. 
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(3) With A unaltered switch S on X, and note the reading on A. 

(4) Decrease the testing E.M.F. of B and repeat (2) and (3), 
noting in each case the approximate testing E.M.F. and the deflec- 
tions on A. 

Let Cr = readings on A when S is on E. 
Cx = „ A „ „ X. 

Then if the resistance of the remainder of the circuit is small 
compared with R or X ; 

X = R.S5 



In observation (2) the same shunt on A may not give a con- 
venient deflection. 

In such a case the shunt may be altered in value so as to give a 
larger or a smaller reading, as may be required. If a different shunt 
is used, the calculation of X will be as follows : — 

Let Sx = shunting value of shunt with X (10, 100, 1000, etc.). 
Sr = „ „ „ R (10, 100, 1000, etc.). 

Sx = deflection on A with X and Sx- 
Sr = „ A „ R „ Sr. 

Then if the current through A is represented by its deflection — 

X . Sx • Sx ^ R . Sr . Sr 
R . Sr . Sr 



x = 



Sx.Sx 



If a tangent galvanometer be used for A, the values of tangent 
Sr and tangent Sx will have to be substituted for Sr and Sx in the 
above equation. 

Results. — Tabulate your results thus — 



I. 


11. 


HI. 


IV. 


V. 


VI. 


VI. 


VIII. 


Apporatiu 
tested. 


B Cohms) 


8. 


Sx 


«x 


^ R . S» . 8» (ohms) 
^- Sx.8x 


Kemarks. 
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Experiment No. Rio. — Silvertown Testing Set (Conductor 
Resistance). 

Introduction. — This method is on the same principle as the 
Wheatstone bridge, the only difference being one of construction. 
The apparatus contains, besides the bridge, its own galvanometer 
with a controlling magnet to vary its sensitiveness. The connections 
will be apparent by reference to the actual box and the following 
diagram, which shows only those portions of the box used for 
measuring conductor resistance. 

Diagram of Connections.— 



I.. 



•i:3;}i 




Ijhi<lL.j {..IaaVJ A.'*iflrvj I i./ia\ • IJ.'tJk* 1 i^J^uul^i fl* D 






BRlDCEgTERMIKI« .S 



To eAe ends of the Conductor, 



Fio. 19. 



Apparatus required. — The apparatus consists of (1) the adjust- 
able resistance, consisting of two circular plug commutators, each 
having nine equal resistances. That marked tens contains nine 10 
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watts resistances, whilst that marked units contains nine 1 ohm 
resistances. Both these commutators are in series, and the resist- 
ances of this variable arm are indicated on the two commutators by 
the positions of the plugs. 

For example, plug in, say, hole marked 4 in the ten-ohm dial, 
and the other plug in, say, hole marked 7 in units dial, gives a total 
resistance of (4 X 10) + (7 X 1) = 47 ohms. It will be evident 
from the diagram that placing both plugs in the holes marked 
gives zero resistance, and that if no plug is inserted in either or both 
dials, the resistance is infinity. 

(2) The proportional arms containing resistances of 10, 100, and 
1000 (only one of which is to be unplugged on either side during a 
test) are similar to those on the post office box. 

(3) The galvanometer (shown unshunted in the diagram) and its 
key. The battery, usually consisting of three Leclanche cells, is 
connected by means of plugs, which serve the purpose of a switch, 
to the terminals marked bridge. The resistance to be tested is 
connected to the two terminals marked bridge terminals. 

Method.~-(l) Adjust the galvanometer pointer to zero by means 
of the controlling magnet on the left-hand side of the box. 

(2) Plug holes 10, 10 in the proportional arms ; connect up the 
battery and obtain an approximate balance by adjusting the resist- 
ance plugs and sharply tapping the galvanometer key. If the 
resistance to be measured is less than one ohm or more than 100 
ohms, the left hand or the right hand proportional arm will have to 
be increased, as the case may be. 

(3) The above result will be accurate to 1 per cent, only as a 
maximum. Further accuracy may be obtained by making the 
adjustable arm first a little high and then a little low, the resistance 
being calculated by simple proportion from the deflections obtained. 

Results. — ^Tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. 


VI. 


BesiBtanco 


Proportional arms. 


AdjuBtable 
resistance. 


Calculated resistance 

-?if»LtxIV 
- Left ^^^• 


Remarks. 


tested. 


Left. 


Bight. 
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Experiment No. Rii. — Silvertown Testing Set 
(Insulation Resistance). 

Introduction. — This method is essentially a method of direct 
deflections, a current flowing through the insulation lesistance to 
be measured being compared with that flowing through a standard 
known resistance under the same E.M.F. 

Diagram of Connections. — 



To Conductor of Cable, 



To Earth or Shea^Mng. 




Fio. 20. 

Apparatus required.— In the above diagram only those portions 
of the " set" used in this measurement are shown. 
The apparatus consists of — 

(1) A testing battery of Leclanch^ or similar cells to give 100-200 
volts is connected to the terminals marked insul*^. 

(2) The galvanometer and its shunts as shown. 
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(3) The conductor of the cable is connected to the terminals 
marked insula and its sheathing, or a good earth connection, to that 
marked barth. 

Method.— (1) Place the plug in the hole marked 50,000 ohms ; 
shunt the galvanometer by placing the plug in the shunt marked 
100 if a 200 volt-testing battery is used ; in that marked 20 if the 
battery used gives 100 volts. Call the value of the shunt S and the 
deflection produced 8. 

(2) Place the plug in the hole marked insula Obtain a con- 
venient deflection 8i (preferably as nearly equal to 8 as possible) by 
using one of the shunts, 5, 20, or 100. Call the shunt used Si, and 
the value of the insulation resistance to be measured Ri. 

Then, if the galvanometer deflections are proportional to the 
currents producing them, we get — 

Ri.8i.Si = 50,000.8.8 

8 S 
Whence Ri = ^> ' . 50,000 
oi . 01 

All the holes in the proportional arms are shown plugged up in 
the diagram of connections. As such, on tapping the key on the 
left-hand side it is placed as a short circuit across the galvanometer, 
and is useful for checking quickly any violent oscillations of the 
needle. 

Results. — ^Tabulate your results thus — 



I. 


If. 


III. 


IV. 


V. 


VI. 

Si 


vir. 


VIII. 


iDsalation resist- 
aDoe tested. 


R 

(f;0,000ohm8) 


$ 


s 


'1 


Ri=/^X 50,000 


Remarks. 



















Experiment No. R12. — Internal Resistance of a Battery 
(Fall of Potential Method). 

Introduction.— If a battery be connected up to an external 
circuit, the current caused to flow will be inversely proportional to 
the total resistance of the circuit, ix, to the resistance of the external 
circuit plus that of the battery. There will thus be a potential drop 

D 
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in the battery itself which will be equal to the product of the current 
and the resistance of the battery (within certain limits). Hence^ by 
measuring the potential difference of the terminals of a battery on 
'' open circuit/' i.e. when little or no current is passing, and again 
when a known current is passing, its resistance can be calculated by 
dividing the drop of potential by the current. 
Diagram of Connections.— 




-wwyww 



Fio. 21. 

Apparatus required.— 

B ss battery whose resistance is to be measured. 

V = low-reading high-resistance voltmeter (say, 3 volts and 

over 200 ohms). 
A = ammeter. 
AB = adjustable resistance. 
K = key or switch. 
Method,— (1) With K open, note the reading on V. This is 
the E.M.F. on open circuit = say E. 

(2) Adjust AR to, say, 50 ohms, close K, and note the new reading 
El on V, and the current indicated on A, and for reference only, 
the resistance in AB. 

(3) Decrease AB, and note about six simultaneous values of Ei 
andC. 

(4) Repeat (1), (2), and (3) for different types of ceUs and for 
different sizes of tiiG same type. 

Let E = E.M.F. on "open circuit," 

„ El = voltage indicated when a current of C amps is flowing, 

„ R ss resistance of battery. 
Then drop of potential in battery = E-Ei. 



/.R = 



E — El 
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I. 


II. 


III. 


IV. 


V. 


VI. 


VII. 


Battery 
tested. 


E 


E. 


C 


E-E, 


AR 


BemarkB. 















Experiment No. R13. — Resistance of Electrolytes 
(Kohlrausch Alternating-current Method). 

Introduction. — ^The accurate measurement of the resistance of 
an electrolyte with a direct current method is almost impossible, and 
certainly very difficult, this being due to polarization taking place in 
the liquid. The effects can be greatly reduced by using electrodes 
of the same metal as in the salt, and can be almost entirely elimi- 
nated by a method employing alternating current in the measure- 
ment, in which case a telephone receiver is used in place of the usual 
galvanometer. 

Kohlrausch recommends platinum electrodes covered with a film 
of platinum-black, as he found that by so doing the area of the sur- 
face was increased several thousand times. To prepare the surfaces 
of the electrodes in this manner, Messrs. Lummer and Kurlbaum * 
recommend platinization with a 3 per cent, solution of platinic 
chloride, containing about ^^th per cent, of lead acetate. 

The actual measurement is best made by comparing the resistance 
so obtained with that of a standard solution (such as potassium 
chloride— KCl), measured in the same vessel and under exactly the 
same conditions. For a one-tenth normal solution of KCl (containing 
7*46 gnns. of KCl per litre of solution) Kohlrausch gives the follow- 
ing figures : — 

Temperature. Besistanoe per cm. oabe. 

15° C. ... ... 95-5 ohms. 



16° C. 




93-5 


ruiuo. 


iro. 




91-6 




18° c. 




89-5 




19° C. 




87-5 




20° C. 




85-8 




21° C. 




84-0 




* 


Verhandl der Phys. 


QestUteh., 1895. 
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Diagram of Connections.— 





TT O 



Fio. 22. 



Apparatus required. — 

A,D,C,K,Ki = post office box or Wheatstone bridge (non-inductive 



B =5 electrolytic cell to be measured. 
T = telephone receiver for use as a galvanometer. 
M = magneto, or other source of alternating current. 
Method. — (1) Ensure that the electrolyte and the cell in which 
it is measured are thoroughly clean, as the presence of even slight 
quantities of foreign matters wiU materially affect the results. 

(2) Adjust A, D, and C for high values, and start the magneto. 
A buzzing noise will be heard in the telephone. Adjust arm G until 
the buzzing noise entirely disappears, or, if this condition is unattain- 
able, until the noise is a minimum. To get an exact balance, it will 
be found an advantage to alternately increase and decrease C so as to 
obtain an alternately increasing and decreasing sound in T ; then, by 
reducing the amplitude of variation of C, the point of minimum noise 
can be detected to a nicety. 

(3) Insert different values in arms A and D, and repeat (2). 

(4) Eepeat (2) and (3) for different temperatures of the same 
electrolyte. 

(5) Eepeat (2) and (3) for different densities of the electrolyte, but 
all at the same temperature. 

(6) Thoroughly clean the vessel B and the electrodes, and fill 
with the standard solution. Carefully note the temperature and 
make two or three accurate measurements. 

Let B = resistance of electrolyte in arm B, 

Then B — ^ x C ohms. 

Let KCl ss resistance of ECl solution found as above, 

/^Kci "^ specific resistance of KCl corresponding to its tempe- 
rature (cws given above), 
p ss specific resistance of electrolyte. 
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1-1 

Then p = p^ci • gCl* 
Results. — Tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. 


VI. 


VII. VIII. 


IX. 


Electrolyte. 


Density. 


Tempe- 
ratnre. 


Resistaiices. 


B^C 


B 

P=Pkci-k01 


Bomarks. 


A 


D 


C 




















Room 
tempera- 
ture ® 0. 



Plot the following curves : — 

(a) Electrolyte of same density — temperatures as ordinates, and 
p's as abscissae. 

(6) For electrolytes at same temperatures — densities as ordinates, 
and /o's as abscissse. 
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CHAPTER IV 
MEASUREMENT OF E^M^R 

Experiment No. Ex. — Equal Resistance Method. 

Introduction. — This method of comparison of E.M.F.'s depends 
on the fact that if the total resistances of two circuits are eqncd, the 
E.M.F/S applied to the circuits are proportional to the cnrrente in 
the respective circuits. It is, of course, preferable to employ the same 
extemcd circuit for both E.M.F.'s, comparison being made between 
them by substituting one for the other, and noting their respective 
currents. Also, on account of polarization of the cells, the resistance 
of the external circuit should be laige; and since the method is a 
substitution one, in which the resistance as well as E.M.F. of one 
cell is substituted for the other, the relative resistance of external 
circuit to that of the source of EM.F. should also be large. 
Diagram of Connections. — 




<vvwwwv> 



R 
Fio. 23. 

Apparatus required. — 
El, Eg = sources of E.M.F. to be compared, one of which, say Ei,may 
be known ; e.g. a standard cell. 
B ss large external resistance. 
A = low-reading ammeter. 
Sh s= shunt on A (if necessary) 
S = two-way switch. 
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Method. — (1) Connect up as in the diagram, and adjust E for a 
high value (say 1000 to 10,000 ohms). 

(2) Place S on Ei, and adjust Sh or E to give a convenient 
deflection. Note the deflection Bi on A and, for reference only, E. 

(3) Place S on Ej, and, with Sh and E unaltered, note the new 
deflection ^ on A. 

(4) Eepeat (2) and (3) for Ei and Eg, but with diflTerent initial 
values of 8i (and therefore of 82) by altering Sh or E. 

(5) Eepeat (2), (3), and (4) for different cells. 
Let El == E.M.F. of standard cell, 

Ea = unknown E.M.F. of other cell, 
81 = deflection on A due to Ei, 
oa = „ A „ Eg, 

Then, if A is an ammeter, i.e. an instrument indicating current 
directly — 

El _ 01 
E2 02 

/• E2 = El . g- 

If a galvanometer be used, e.g. a tangent galvanometer, tan 81 and 
tan 83 will be substituted for 81 and 83 in the above ; and the best 
values of 81 and 8a for maximum accuracy obtained from the tangent 
curve plotted in Experiment No. 1, Chap. L 

Results. — Tabulate your results thus*— 



L 


n. 


m. 


rv. 


V. 


VI. 


vn. 


OeU El. 


E.M.F. 
of El. 


GeUE^ 


«1. 


«,. 


E. = Ei.?^ 


Bemarks. 














B= ohms 



Experiment No. £2.— Equal Deflection Method. 

Introduction. — This method of comparing E.M.F.'s corresponds 
to the substitution method of measuring resistance. If the total 
resistances of the circuits supplied with the E.M.F.'s to be compared 
are so ac^usted that equal currents flow through them, then, from 
Ohm's law, the E.M.F.'s will be proportional to the respective total 
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resistances of the circuits. If the resistances of the external circuits 
be made very large in comparison with those of their respective 
internal circuits (cells), their values will represent, very nearly, their 
respective E.M.F/s 

Diagram of Connections. — 



Sh 



M^ 



E. 



/ S 



^^ 



■M/WVWW 

AR ^ 



Fra. 24. 

Apparatus required. — 
Eb Eg = sources of E.M.F. to be compared, one of which, say Ei, may 
be known. 
AE ss large adjustable known resistance. 
A s= low-reading ammeter. 
Sh =s shunt on A (if necessary). 
S = two-way switch. 

Method. — (1) Connect up as above ; insert a large resistance in 
AE (say 1000 to 10,000 ohms). 

(2) Place S on Ei, and adjust Sh or AE to give a convenient 
deflection 8i on A. Note Ei and, for reference, Sh. 

(3) Place S on Ea, and, with Sh unaltered, adjust AE to give the 
same deflection S on A. Note Eg. 

(4) Eepeat (2) and (3) for Ei and Eg for different values of 8 on 
A, noting the respective values of Ei and Eg for the same deflection. 

(5) Eepeat (2), (3), and (4) for diflerent sources of E.M.F. 
Let El = E.M.F. of standard cell. 

Eg = unknown E.M.F. of other cell. 
El =s resistance of AE for S with Ei, 
Eg = „ AE „ 8 „ Eg, 

Then, since the current is the same in both cases — 



El _ El 

Eg Eg 

:. E, = E, . 



r; 
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I. 


IL 


III. 


IV. 


V. 


VI. 


VII. 


Cell El. 


E.M.F. 

ofEj. 


Cell E,. 


Bi. 


R,. 


E, - El g^ 


Remarks. 














5oiiA = 
Beeistanoo 

of A = ohms 
Besistanoe 



Experiment No. E3. — Wiedemann's or Sum-and-Difference 

Method. 

Introduction. — This method consists in placing the E.M.F.*s to 
be compaxed in series, first, assisting each other; and, secondly, 
opposing each other; and comparing the respective currents sent 
through the same external circuit. The resistance of the external 
circuit is made large enough to reduce the current flowing to a value 
having no appreciable polarization effect on the cells. 

Diagram of Connections. — 




Hf 



dVWWWVV 

R 
Fio. 25. 

Apparatus required. — 
El, Eg = sources of E.M.F. to be compared, one of which, say Ej, may 
be known. 
B = high resistance: 
A = low-reading ammeter. 
Sh = shunt on A (if necessary). 
S as switch or key. 
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Method. — (1) Connect up as above, with Eg assisting Ei. 

(2) Close S, and adjust B and Sh for a large reading on A, taking 
care tibat S is of large value (say 1000 ohms). Note reading on A, 
8i, and, for reference, the value of E. 

(3) With E and Sh unaltered, connect Eg in opposition to Ei, 
close S and note the new deflection on A, Sj. (Note. — If Eg is 
greater than Ei, Ss will be in the reverse direction to 8i. With 
instruments which deflect in one direction only, it would therefore, 
in such a case, be necessary to change the positions of Ei and Eg. 
With an instrument whose deflections can be measured in either 
direction this is not necessary, but care should be taken to note the 
negative sign of Sg.) 

(4) Eepeat (2) and (3) for different values of 8i obtained by 
altering Sh, noting the respective values of Si and Sg for the same 
conditions of external circuit. 

(5) Eepeat (2), (3), and (4) for different sources of E.M.F. 
Let El = E.M.F. of standard cell. 

Eg = unknown E.M.F. of other cell, 
8i = deflection on A due to Ei + Eg, 
8g = „ „ A „ El — Eg» 
Then, if Si and Sg are proportional to their respective currents — 

El + Eg 8i 





El — Ej Sg 




Multiplying across, we get 








El §a + Ea 8a = 
.-. Ej (8i + 8a) = 
. El 


:Ei8i- 
: El (8l - 

8i + 8a 

8i-8a 


E281 


If El is known- 


— 








E8 = Ei. 


81-8, 
Si + 8a 





Results. — Tabulate your results thus — 



I. 


IL 


m. 


IV. 


V. 


VI. 


vn. 


OeUE,. 


E.M.P. 

of El. 


Cell E,. 


«i. 


«,. 


^=«'SrT^ 


Bemarks. 














R = ohms 
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Experiment No. £4.--Lumsden's Method. 

Introduction. — This method is based on the fact that if two 
sources of E.M.F. be connected in series, and with an external 
circuit, there will be a point in that external circuit at the same 
potential as the common point between the two cells ; and that the 
E.M.F/S of the sources will be proportional to the resistances on their 
respective sides of the circuit thus divided. 

Diagram of Connections.— 

R. 



\ 



Hp--VWWW\Af>-i 
<7>- 



>(. 



|-^vVW\A/W\M 



E, 



Fig. 26. 



Apparatus required. — 
El Eg = sources of E.M.F. to be compared, one of which, say Ei, maiy 

be known. 
Bi Sa s= known hi^h resistances (say above 1000 ohms), one of which 
(say Ea; can be varied. 
G = sensitive high-resistance galvanometer. 
Si Sa = switches or keys. 

Method. — (1) Connect up as above with Ea assisting Ei. 

(2) Close Si and adjust Sa so that on closing Sa no deflection is 
obtained on G. Note Bi and Sa. 

(3) Sepeat (2) for different values of Si, and obtain the corre- 
sponding values of Sa, noting Si and Sa in each case. 

(4) Sepeat (2) and (3) for different sources of E.M,F. 
Let El = E.M.F. of standard cell, 

Ea s= unknown E.M.F. of other cell, 
Si = resistance on side Ei, 
Sa = „ M Ea, 

Then, if the cells are of small resistance compared with Si and Sa, 



El _ Si 
Ea Sa 

A Ea = El . 



Ra 
Ri 
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Results.— Tabulate your results thus — 



I. 


II. 


ni. 


IV. 


V. 


VI. 


VII. 


Cell El. 


E.M.F. 
of El. 


GellE,. 


R,. 


R,. 


E.«Ei.| 


Remarks. 

















Experiment No. E5. — Clark-PoggendorfF Method. 

Introduction. — ^This method depends upon the fact that the 
fall of potential between any two points in a circuit is proportional 
to the resistance between them. The E.M.F.'s to be compared are 
balanced against the fall of potential over a portion of a circuit fed 
by a " worMng" battery; the ratio of the resistances of the portions 
of the circuit balanced is also the ratio of the E.M.F/s, providing the 
current through the circuit (i,e, the total resistance and the working 
E.M.F.) have remained constant. 

Diagram of Connections— 



1^ 



S. 



ihi 



■E, 



:©r 



' R. 



I 



8 



■A/WWWV-^ 

R, 



s 



Pig. 27. 



Apparatus required. — 
El Eg = E.M.F.'s to be compared, one of which, say Ei, may be 

known. 
El B3 = resistance boxes in series, capable of adjustment so that 

El + E2 may be kept constant, and about 10,000 ohms. 
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S = switch in circuit of working battery. 
Si = two-way switch. 

B = working battery. 

G = sensitive high-resistance galvanometer. 
Method. — (1) Connect up as above, joining all like poles to the 
same point. 

(2) If B is of two ceUs, make Ei and Rg about 5000 ohms each, 
and close S. Place Si on Ei, and adjust Ei imtil a balance is 
indicated by no deflection on Gr. Note Ei and Ei + Eg. 

(3) Place Si on Eg, and obtain a balance by adjusting Ei and Eg 
simultaneously, so that their total resistance is the same as formerly. 
Note the new value of Ei, say Eg. 

(4) Place Si on Ei, and check operation (1) for constancy of 
E.M.F., taking the mean of the two values of Ei obtained. 

(5) Eepeat (2), (3), and (4) for different values of Ei + Eg, and 
for diflTerent cells. 

Since the total resistance of the circuit was maintained constant 



throughout — 



El : Eg = El : Eg 



and El being known, we get — 



Eg = El . 



1^ 



Results. — ^Tabulate your results thus- 



I. 


II. r III. 


IV. 


V. 


VL 


VII. 


Cell Ej. 


^of^r o«"^- 


B.. 


B,. 


E. = E,.| 


Remarks. 




1 

1 








Ri + Bg = ohms 
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CHAPTER V 
MEASUREMENT OF CURRENT 

Experiment No. Ci.— Electrolysis of Copper-Sulphate 

Method. 

Introduction. — ^The principle of the electrolytic methods of mea- 
suring current strength may be stated by the following quantitative 
laws of electrolysis : — 

(1) The amount of chemical action is equal at all points of a 
circuit. 

(2) The amount of an ion liberated at an electrode in a given 
time is proportional to the strength of a current. 

(3) The amount of an ion liberated at an electrode in one second 
is equal to the strength of the current multiplied by the " electro- 
chemical equivalent " of the ion. 

Let w =s weight of an ion liberated, 

C = current strength, 

t s time in seconds, 

z = electro-chemical equivalent, 
Then the above laws give the following formula : — 

w = Ctz 

w is usually measured in grms., c in amperes, and t in seconds. 

So that z, the electro-chemical equivalent, is the amount in grms. 
of an ion liberated by an ampire flowing for one second. 

The " chemical equivalent " of an ion can be obtained from the 
formula — 

Chemical equivalent = ic weig — 

^ valency 

The " electro-chemical equivalent," z, can be calculated bom the 
formula — 

z = chemical equivalent X 0-000010384. 

0*000010384 being the number of grms. of hydrogen liberated by 
one ampere flowing for one second (i.e. one coulomb), the atomic 
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weight, valency, and chemical equivalent of hydrogen each being 
unity. 

Thus, the atomic weight of copper = 6318, and its valency = 2 
(cupric), so that its chemical equivalent = 3i*59, and its electro- 
chemical equivalent z = 31*59 X 0000010384 = 0-0003281. ' 

One ampere flowing for one second will deposit 00003281 grms. 
of copper. 

The experiment consists in passing the current to be measured 
through a solution of copper sulphate for a known time ; by weighing 
the amount of copper deposited on the cathode plates, the average 
strength of the current passing during that time can be calculated. 

Diagram of Connections. — 

CV 




Fia. 28. 



Apparatus required. — 

CV = copper voltameter, having one more anode than cathode 
plates. The total surface (both sides) of the cathode 
plates immersed in the solution should not be less than 
60 sq. cms. per ampere.* The solution is made by dis- 
solving enough pure copper-sulphate crystals in clean 
water to produce a saturated solution of specific gravity 
1*18, to which is added 1 per cent, of strong sulphuric 
acid. 
A = current indicating instrument to verify the constancy of 

the current. 
B = source of constant current. 
AB = adjustable resistance. 
S = switch. 

A watch, acid bath, and a drying cupboard. 
Method.--{l) Having ascertained their number and size for the 
current to be measured, the cathode plates should be well cleaned in 
a bath of commercial nitric acid, rinsed well with clean water, after- 
wards carefully dried with clean white blotting paper, and finally 

* This means a curtefni density of 0*02 amp. per sq. cm. of cathode plate surface. 
For a greater oarrent density than this the deposit will be non-adherent. 
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dried in the drying cupboard. After beiog accurately weighed, they 
should be immediately placed in position in the voltameter. 

(2) Make sure that the positive of the battery is connected to the 
anode of the voltameter ; close 8, and note the time and^ incidentally, 
the reading on A. 

(3) Keep the current flowing for, say, 30 minutes, maintaining its 
value constant (as indicated on A) by means of AB. 

(4) Open S and note the exact time. 

(5) Bemove the cathode plates, taking care that the surfaces are 
untouched during the process. Einse them in slightly acidulated, 
and then in clean, water, and place in the drying oven. 

(6) When dry and cool, their new weight should be accurately 
determined. 

Let W =5 original weight of cathode plates in grms. (1). 
Wi = final „ „ „ (6). 

w = amount of copper deposited on the cathode plates 

in grms. 
t = time of the current flowing in seconds. 
Then i(? = Wi - W =» Gtz. 



w 



•*• ^ - txloooo328i ^"'P®- 
Results. — Tabulate your results thus — 



w 

(grms.) 




III. 



IV. I 



VI. 



ic = (W,-W) t U____i»____ I 

(grrms.) (sees.) r" tx 00003281 ""^1 



Bemarks. 



Area of cathode plate 

= aq. cms. 

Area per amp. = 

sq. cms. 

Temperature of yolta- 

meter = ^ C. 



Experiment No. C2.— Electrolysis of Silver Nitrate Method. 

Introduction. — ^The principles of this method are the same as 
those explained in the previous experiment, but on account of the 
electro-chemical equivalent of silver being about three times that of 
copper, its emplojTuent lends itself to a greater accuracy of current 
measurement. For these reasons it forms a standard method of 
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current measurement, being replaced by the more frequent method of 
copper deposition only on the score of economy, 
uiagram of Connections. — 




Fio. 29. 

Apparatus required. — 

SV = silver voltameter, having the cathode in the form of a 
bowl about 3 inches in diameter and made of platinum, 
so that the inside of the bowl may be cleaned by dis- 
solving the deposited silver in nitric acid to form silver 
nitrate, which can be used again. The anode is made of 
a round flat plate of pure silver, and is, during an experi- 
ment, temporarily wrapped in a good filter-paper to 
ensure the purity of the deposit on the bowl underneath. 
The electrolyte should consist of a neutral solution 
composed of 15 per cent, by weight of pure silver nitrate 
to 85 per cent, of pure water. 
A = current-indicating instrument to verify the constancy of 

the current passing. 
B = source of constant current (say about 1 ampere).* 
AK = adjustable resistance. 
S = switch. 

A watch, acid bath, and drying cupboard. 
Method. — (1) Clean the platinum bowl first in nitric acid, then 
in clean water; dry it in the drying cupboard, and weigh it as 
accurately as possible when cool. 

(2) Place the bowl in position with the silver disc and its cover- 
ing of good filter-paper symmetrically above it, and pour in enough 
electrolyte to cover the disc. Adjust the current by means of AR to 
about 1 amp. ; this is preferably done by temporarily disconnecting 

• This is the oonrect current for a bowl 3 inches in diameter. For any other size 
of bowl, the current should be adjusted accordingly. 
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SV and coinpleting the circuit, opening S, and then reconnecting SY. 
Close S, and note the exact tiine and, incidentally^ the reading on A. 

(3) Keep the current constant by means of AB, and let it flow 
for about 30 minutes. Open S and note the time. 

(4) Take out the platinum bowl and, having emptied the solution 
into a bottle (for future use), wash the deposit^ silver with distilled 
water, and allow the bowl to stand filled with clean water for a short 
time. Binse it out with clean water, and finally with alcohol, and 
dry in the drying oven. 

(5) When d^ and cool, the new weight of the bowl should be 
accurately determined. 

Let W = original weight of cathode in grms. (1), 
Wi = final „ „ „ (5), 

w =5 amount of silver deposited on the cathode bowl in grms., 
t s= time of the current flowing in seconds, 

Then if? = Wi - W = Cfe 
z for silver = 0*00118 grms. per amp. second. 



.-. C = 



w 



amps. 



t X 0*001 1 18 
Results. — Tabulate your results thus — 



I. 


IL 


III. IV. 


V. 


VI. 


w 

(grms.) 


(grms.) 


«, = (W,-W) 
(grma.) 


(8eC8.) 


^=<xo-o6iii8*°^P"- 


Remarks. 












Area of cathode plate 
= sq. cms. 

Area per amp. = 

eq. cms. 

Temperature of yolta- 
meter - <^ 0. 



Experiment No. C3. — Mixed Gas Voltameter Method. 

Introduction. — ^Eead the introduction to Experiment CI. 
The electrolyte is a 20 per cent, solution of caustic soda and 
water, the electrodes being of iron. The mixed gas evolved is led to 
a measuring tube of known volume. 

Let V as actual volume of gas liberated (ccms.), 

P = pressure to which it is subjected (mms. of mercury), 
T = absolute temperature of gas (273 + 9° C), 
6 = observed temperature of gas ^° C. 
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Then, from the laws of gases — 

To "" T ' 

where V© is the volume at zero temperature To (273° C. absolute) and 
normal pressure Po (760 mms. of mercury). 

Eeferring now to the collecting rule shown in the diagram above, 
if the level of the water in it be displaced to that of the electrolyte in 
the jar, then the acttial pressure to which the gas is subjected is — 

where B = height of barometer in mms.,* 

p = pressure of aqueous vapour at ff^ 0. 
The relation between 6 and p is as follows : — 



e^G. 


6 


8 


10 


12 


14 


16 


18 


20 


p mms. of meicviry 


7-0 


8-0 


9-1 


10-4 


11-9 


13-5 


15-3 


17-4 



From the above expression, the value of Vq is obviously- 

_ 273V(B-jp) 
^^ - 760T 1 
Diagram of Connections.— 




Pio. 30. . 

Apparatus required. — 

6V = gas voltameter with measuring tube MT. 

A = current-indicating instrument to verify the constancy of 
the current. 

B ss source of constant current. AB ss adjustable resistance. 

S = switch. A watch. 

* The oorreotion for the temperature of the barometer amounts to about 1*8 mms* 
at 15° G., and this amount should be subtracted from the obsenred height. 
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Method. — (1) Completely fill the tube MT with water and invert 
in the bath. Make all joints, etc., gas-tight, and connect the tube 
between GV and MT. 

(2) Adjust AE for a small indication on A (which must be kept 
absolutely constant throughout) and close S, noting the exact time of 
doing so. 

(3) As the tube MT gets nearly full of gas, carefully note the 
exact time when the water-level drops to that of the water in GV. 
Gall the time to fill the tube t sees., and the constant current C amps. 

(4) Eepeat for the same value of C, and then for other values of 
C, maldng two experiments for each value. 

Then Mh = C . ^ . Zh, and Mq = C . ^ . Zo, 

where M^, Mo, Zh, and Zo are the grams liberated, and the electro- 
chemical equivalents of hydrogen and copper respectively. 

The volume of 1 grm. of H at normal temperature and pressure is 
11,200 c.cms. ; so that the volume of at normal temperature and 

. 11,200 

pressure is -^ — c.cms. 



iT 



^^f^^v'' *^^'^"}= 0.^ ZhX11,200 + O.^ZoX iijl^ ccms 



andC = 



^(11,200Z„ + ^^Zo) 



Substituting for V^, and taking Zh = 0-000010384, and Zq = SZ^ 
we get — 

__ 273V(B - p) 

^-76oTxo-i744t^ P®- 
Results, — Tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. 


VI. 


C inili- 
catedonA. 


Time at 
start. 


Time at 
finish. 


Time to evolve 
volume, V, of 
gas, t (sees.). 


Current, 0, 

amps, 
(calculated). 


Remarks. 




h. m. 8. 


h. m. B. 






B mtns 

p mms. 

V cu. cms. 

e OQ. 

T=273+« <*0.ab8. 
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Experiment No. C4.— Heating Effect Method. 

Introduction. — From theoretical considerations it is known that 
one joule — a volt-amp.-second — ^is approximately equivalent to 0*238 
calories, or to that amount of heat required to raise the temperature 
of one grm. of pure water by 0*238° C. A measurement of the 
heating effect of a current flowing through a resistance immersed in 
a known weight of water will therefore provide a means of calculat- 
ing the value of the current. The practical realization, with great 
accuracy, of the measurement of the heat evolved involves many 
diflBculties on account of loss of heat by radiation, etc., so that the 
following method gives approximate results only ; with care, however, 
an accuracy of 1 per cent, can be obtained. 



Diagram of Connections. — 
-J^ 



-€>- 



:ar 



Hiiiiiitii- 

B 



S 



Fig. 31. 

Apparatus required.— 
C = calorimeter carefully insulated to prevent loss of heat. 
S = known resistance immersed in the water in C. 
t = accurate thermometer. 
B = source of constant current. 
A s= ammeter in main circuit. 
AB = adjustable I'esistance. 

S = switch. Stop watch. 

Method. — (1) Weigh the calorimeter, and place in it a known 
weight of clean water. Place the thermometer, t, in the water, and do 
not commence the experiment until the reading on ^ is steady (the 
water being well stirred), and care has been taken to finally ensure 
C being well insulated. 

(2) Adjust AB for a small current indicated on A (depending on 
the value of E and the weight of water in C) ; close S, and note the 
exact time. 

(3) Keep the current G constant by means of AB, and allow it to 
flow until the temperature of the water has risen about 10° C. Note 
the exact time of switching S off, and the exact reading of t, the 
water being kept well stirred. 

(4) Place fresh water in the calorimeter, and repeat (2) and (3) 
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for increasing currents, but for about the same rise in temperature, 
noting carefdly in each case the exact times of closing and opening 
S, the weight of water in C, and the rise of temperature. 
Let G B current in amperes, 

£ ss resistance of the coU in ohms, 
t as time current flows in seconds, 

Then calories of heat produced = 0-238 C^Rt. 

Let W = weight in grms. of water in C, 
Wi =s „ „ calorimeter, 

Ti = initial temperature of water and C ** C, 

Ta = final temperature of water and C ° C, 

Si = specific heat of material of calorimeter, 

Then calories of heat given to water and calorimeter — 

= (W + WiSiXTa - Ti) 

Then, neglecting heat given to stirrer, thermometer, and resistance 
itself, and that lost by radiation, etc. (all usually negligible quan- 
tities)*— 

0-238 cm = (W + WiSiXTa ^TQ 

/(W + WiSO(Ta - TO 

Results. — Tabulate your results thus : — 



I. 


n. 


TTT, 


IV. 


V. 


VI. 


VII. 


VIII. 


IX. 


X. 


/^ 


^ 

^ 


s, 


R 


Times. 


(T,-TO^C. 








p /(W+W.8.XT.-T0 
-^V 0-238 R.< 




^ 


'§00 

3 


a 

!« 




Remarks. 




















Room tem- 
perature 



* In the author's laboratory the water oqaivalent of these three was about 6 grms. 
The weight W, (copper) was about 70 grms., whilst W was asnally abont 200 grms., 
giying (W + W,Si) = about 207 grms. In this case the 6 grms. was not negligible. 

The loss due to radiation oan be much reduoed by applying a large current for a 
short time only ; for, say, less than 10 minutes. 
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CHAPTER VI 
THE POTENTIOMETER 

PoE the measurement of E.M.F., current, and resistance, the use of 
the potentiometer method is now universal. The peculiar property 
of the method is that the leads or wires connecting the apparatus 
under test to the potentiometer wire carry no current when the 
observation is taken ; they serve only to communicate to the potentio- 
meter the difference of potential of the points to which they are 
attached. Their mode of attachment, resistance, and, generally, the 
errors introduced into the majority of measurements by ordinary 
methods, due to the above and a number of imavoidable causes, 
including contact resistances, have therefore no effect on measure- 
ments made by this process. The principle of the method may be 
stated as follows : — 

A long uniform wire (having the same resistance per unit length 
throughout) is supplied with a constant current of electricity from a 
battery. 

Since the wire is imiform in resistance, the potential drop per 
unit length will also be xmiform throughout, and a given length of 
wire will represent the potential drop along it. The method consists 
in measuring — 

(a) E.M^P.'s by comparing the length of wire to produce a 
balance with that to balance a standard cell of known E.M.F. 

(6) Current by comparing the length of wire to produce a balance 
with the potential drop in a known resistance through which the 
current is passing with that length to balance the E.M.F. of a 
standard cell, the current being calculated by Ohm's law. 

(c) Resistance by passing the same current through the unknown 
and a known resistance, and comparing the lengths of potentiometer 
wire to produce a balance with the potential drop in each case. 

In actual practice the accuracy required in measurement involves 
the use of a very long potentiometer wire. For convenience a large 
proportion of the total length used is made up into resistance coils, 
the remaining portion only retaining the form of a long uniform 
wire. 
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Experiment No. Pi.— The Potentiometer 
(Measurement of E.M.F.). 

Introduction.— The fall of potential between two points on a 
uniform wire carrying a current is proportional to the length of wire 
between them. 

The E.M.P. to be measured is balanced against a length of such a 
wure, and a known E.M.F. balanced against another length of the 
wire. 

The E.M.F.*s, being directly proportional to their respective 
lengths of potentiometer wire, and one E.M.F. being known, the 
other can be calculated. 

(A) Low E.M.F. 

Diagram of Connections. — 



:»— > 



V 




/l\ 



L-ri 



/|\ 



■IK-Kj)- 



E. 
Fio. 32a. 



:»-^> 



Apparatus required. — 

dcbd = potentiometer wire. 

EiBa = high resistances (Ei for circuit Ei about 10,000 ohms). 
Ea = unknown E.M.F. 
El = standard cell. 

GiGa = sensitive galvanometer. 

Method. — (1) Connect up circuit Ei, etc., only so as to oppose 
the E.M.F. in the wire, and with £i in circuit obtain a balance on 6i 
by fixing the point a and finding point h. The length of cib can be 
more accurately determined by removing a part or the whole of Ei ; 
but this is undesirable with a standard cell in circuit, and resource 
should preferably be made to a very sensitive galvanometer Gi. 

Measure the length ah. 

(2) Disconnect circuit Ei, etc., and connect up circuit Eg, etc. 
Choose any point c and find d for an approximate balance, obtaining 
a more accurate balance by removing a part or the whole of E2. 
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Measure the length cd. 

Note. — The ciirrent flowing through the potentiometer wire 
should be constant throughout, which can be verified by again 
balancing Ei, when the length ah should be the same. 

Results. — Tabulate your results thus — 



I. 


II. 

Length to 
balance stan- 
dard = ah. 


III. 


IV. 


V. 


VI. 


E.M.F. to 
be mea- 
snred, E^. 


Length to 
bilanoe, 
E, = ed. 


E.M.F. of 

standard 

= E». 


E.M.F. of 


Bemarks. 













(B) High E.M.F.— The high E.M.F. E is connected to a resist- 
ance, and the fall of potential along a known fraction of this is 
measured as above; the fraction being known, the whole may be 
calculated. 

Diagram of Connections. — 



"^ — > 






- — 5 - 



c irlm/m/^A/\^^ 






U 




0^ 



/1\ c 
I 



^V(t 



^ 



'H r» i'^'lf-'^C^" 



:5^ — ^ 



Fig. 82b. 



Apparatus required as above; also a high resistance CD, of 
which a known fraction cidi can be tapped off. 
Method as before. Note the ratio CD : cidi. 
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Results. — Tabulate your results thus — 



I. 


II. III. 


IV. 


V. 


VI. 


vn. 


E.M.F.to 
be mea- 
Buieil, E. 


Length to 
balance stan- 
dard = ah. 


Length to 
balance 
E, = «f. 


E.M.F.of 

standard 

= E.. 


Ratio 


E.M.F. 
E=E..^.X. 


Remarks. 










, 







Experiment No. Pa. — ^The Potentiometer 
(Measurement of Current). 

Introduction. — The current to be measured is passed through a 
suitable known resistance having a negligible temperature coefficient 
(usucdly a strip of manganin or a number of manganin wires in 
parallel), and the potential drop in this resistance, due to the current 
passing, is balanced against the potential drop in a portion of the 
potentiometer wire. Knowing the length of wire in which the 
potential drop balances that of a standard cell, the first can be 
calculated, and, the resistance being known, the current is found by 
Ohm's law. 

Diagram of Connections. — 



:^ — > 




^SVT 



I I 



:^— > 



•1 



--ii--.-<H>-- 



Fig. 83. 



g5— > 



Digitized by 



Google 



ELECTRICAL ENGINEERING 



59 



Apparatus required. — 
cAcd s= potentiometer wire. 
SB = standard resistance. 
EiEa =5 high resistances (B2 for circuit Ei about 10,000 ohms). 

El s: standard cell. 
616a = sensitive galvanometers. 

Method. — (1) Connect up circuit Ei only, so as to oppose the 
E.M.F. in the potentiometer wire. With Ei in circuit obtain a 
balance on Gi by fixing the point A and finding B. Obtain a more 
accurate balance by gradually decreasing Bi, and measure the 
length (ib. 

(2) Disconnect circuit Ei, etc., and connect up circuit Eg, etc., so 
as to oppose the E.M.F. in the potentiometer wire. Obtain an 
approximate balance on Ga, and a more accurate balance at the points 
cd by decreasing Bg. Measure the length cd. 

Note. — The constancy of the current in the potentiometer wire 
should be verified.by again balancing Ei, when the length db should 
be the same as formerly. 

Let C = current to be measured in amperes, 
„ SB = standard resistance in ohms, 
„ Ea s= fall of potential in SB when G is passing, 
„ El = E.M.F. of standard cell (for Clark's cell = 1-434 volts 
at 15° C), 



Then Ea = Ei . ^ 



And since Ea = C x SB 



C X SB = El 



cd 
db 
cd 



••^ -SR'ab 

Of these Ei and SB are known, and cd and ab are measured, so 
that C can be directly calculated. 

Results. — ^Tabulate your results thus — 



I. 


II. 


Ill, 


IV. 


V. 


VI. 


Length to 

balance 

standard 

= a6. 


Length to 
balance 
B, = cd. 


E.M.F. of 
standard 


Standard 

resistance 

= SR. 


Current, 
^"SR ah 


Bemarks. 
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Experiment No. P3.— The Potentiometer 
(Measurement of Resistance). 

Introduction.— The resistance to be measured is compared with 
a known resistance by comparing the length of potentiometer wire to 
balance the drop in it, with the length to balance the drop in a 
known resistance carrying an equal, and preferably the same, current. 
For this purpose the known and the unknown resistances are con- 
nected in series, and traversed by a current of a value (which need 
not be known) large enough to give a convenient drop of potential in 
the resistances. The resistances are then directly proportional to 
their respective lengths of potentiometer wire. 

Diagram of Connections. — 



:sg^-> 




FiQ. 34. 

Apparatus required. — 

cddb = potentiometer wire. 
SB = standard resistance. 
XJR = unknown resistance. 
BiRa = high resistances. 
G1G3 = sensitive galvanometers. 
Method.— (1) Connect up circuit SE, etc., so as to oppose the 
E.M.F. in the potentiometer (sis in the diagram), and with Ei in 
circuit choose a convenient length ab, and adjust the current through 
UE and SE to give an approximate balance. This current must 
remain constant throughout. Obtain a more accurate balance by 
decreasing Ei (if necessary to zero), and measure the length ah. 

(2) Disconnect circuit SE, etc.; from the potentiometer wire, 
connect up circuit UE, etc. ; and obtain an approximate, and finally 
an accurate, balance as before. Measure the length cd. 

Note. — Verify the constancy of both currents (that in the potentio- 
meter wire, and that through the resistances) by repeating (1) when 
ai should be the same as formerly. 

Let SE s standard resistance in ohms, 
UE = unknown resistance in ohms, 
ab and cd = as shown, 
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Then SR : UR = ai : erf. 
cd 



.-. UR = SR 



i5 



Of these factors SR is known, and ed and ah are measured, so that 
UR may be directly calcolated. 

Results. — Tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. VI. 


Unknown resist- 
anoe, UB. 


Standard reBist- 
anoe,8BinohmB. 


length ah. 


length ed. 


UR = SB.^ 


Bemarks. 
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CHAPTER VII 

CALIBRATION OF ELECTRICAL MEASURING 
INSTRUMENTS 

Introduction. — The accurate measurement of current strength by 
means of indicating instruments is undoubtedly one of the most 
important factors in practical electrical testing. The author ventures 
to state that of the soft-iron types of indicating ammeters and volt- 
meters to be found in practical use, only a small percentage would 
be found under test to have a greater accuracy than 1 per cent. 
Of the other types of instruments, the mean accuracy of those working 
on the hot-wire principle is somewhat better than that of the soft-iron 
variety, both being superseded by the i per cent, mean accuracy of the 
swinging-coil (D'Arsonval) type of ammeters and voltmeters. 

The above figures are only approximate, but they serve to indicate 
the importance of frequent comparison of commercial measuring 
instruments with standards. Such a comparison is called a "cali- 
bration " or " standardisation." The inaccuracy of an instrument may 
be due to one or more of a variety of causes, the most frequent being 
those introduced in the original makers' calibration, in which the 
necessary train of processes : — calibration with a standard instrument 
(introducing errors of observation, magnetic errors, errors due to the 
production of heat in the instrument, etc.) ; plotting of the caKbration 
curve and deduction therefrom of the scale (introducing errors of 
plotting, drawing, and observation again) ; and, finally, errors intro- 
duced in the actual "marking-off" of the scale by hand or dividing 
machine. It is the accuracy of the instrument at this stage which is 
indicated by the figures above. Other errors are introduced in 
instruments by their treatment in transit from one place to another^ 
which may have the effect of altering their physical constants so that 
their indication with a given current strength is not the same as 
formerly. Finally, errors may be introduced in the manner of using an 
instrument. It must be remembered that the physical constants of 
an instrument will change with temperature, which generally means 
a change in deflection for a given current. The influence of tempera- 
ture is particularly great in the case of voltmeters, a part or the whole 
of whose resistance is of copper ; since a voltmeter is but a low-reading 
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ammeter^ it means that for any other temperature than normal the 
resistance is other than normal, so that with a given p.d.^ the current 
passing through it — and therefore the deflection — ^is also other than 
normal. 

Magnetic errors are often introduced in soft-iron instruments in 
use, due to changes in the magnetic properties of the iron employed 
in the movement, and in swinging-coil instruments, due to changes in 
the strengths of the permanent magnets. Both types— particularly 
ammeters of the former type — may be influenced by the proximity 
of other magnetic apparatus, or by the positions of the connecting leads 
to their terminals. The influence of the latter may be greatly mini- 
mized by twisting the leads together so as to produce little or no 
resultant field. All outside magnetic influences can be entirely (or 
almost entirely) eliminated by providing the instrument with an iron 
case or its equivalent, which acts as a magnetic shield. It is now the 
general practice to provide such cases for all permanent-magnet 
instruments. With hot-wire instruments the most frequent errors 
are those due to temporary mechanical hysteresis of the thin wires 
and suspensions employed, which, together with changes in outside 
temperature, give rise to " changes of zero," necessitating the adjust- 
ment of the pointer to zero at the beginning of each test. These 
influences have also a somewhat similar effect to that of an alteration 
of strength of the permanent magnet in a D'Arsonval instrument, viz. 
a change of constant. Added to the above, all types are liable to 
errors caused by accident ; this especially is the case with portable 
instruments. 

Hence the necessity for frequent and accurate calibration. 



Experiment No. Ki. — Calibration of an Ammeter by 
comparison with a Standard Ammeter. 

Introduction. — Standard current measuring appliances being 
generally of delicate construction and difl&cult to use, resort is 
frequently made in practice to sub-standards. Sub-standards for 
continuous current are generally instruments of the D'Arsonval type, 
which are calibrated from time to time by comparison with the 
standard appliance, and which may be relied upon in the mean time 
to coi^orm to the last calibration curve with an accuracy of, say, about 
1 per cent. Simultaneous readings are then taken of the sub*«tandard 
and the instrument under calibration, and the correct values of the 
current is obtained for each reading from the sub-standard calibration 
curve. 
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Diagram of Connections. — 



-/sa\ / A \ 



:Aa 



4 

FiG. 85. 

Apparatus required. — 

SA s sub-standard ammeter with its calibration curve. 
A as ammeter to be calibrated. 
-I — =B source of low E.M.F. 
AR = adjustable resistance. 
S =5 switch. 
Method. — (1) Adjust the pointer of A to zero, and, if necessary, 
that of SA also. (Note. — Great care should be exercised in using 
SA, and the above adjustment of the pointer should be omitted S 
possible, it being a fact that if the instrument has just recently been 
in use, the pointer generally comes to rest somewhat above zero, and 
this should be considered before any adjustment is attempted). 
Ensure that the positive lead is connected to the + terminals of S A 
and A. 

(2) Adjust AE for a large reading, say about 5 per cent, above 
the full scale reading (amps.) of A, and having done so, momentarily 
break circuit with S, and as the pointer of A swings to rest at the 
deflection, gently tap the glass faces of the two instruments. The 
former precaution ensures sdmost complete freedom from error due to 
magnetic hysteresis in the instruments, and the latter serves to greatly 
diminish errors due to mechanical imperfections of the movements, 
e.g., pivot friction, etc. Note the readings on SA and A. 

(3) Decrease the current by about 8 to 10 per cent, of the maximum 
by means of AR, momentarily break circuit, and after observing the 
precautions in (2) above, note the readings on SA and A simul- 
taneously. 

(4) Repeat (2) and (3) for gradually decreasing values of C, taking 
in sdl about 10 or 12 steps ; note in each case the readings on SA 
and A simultaneously. 

(Note. — The calibration should be made with changes of current 
in one direction only, i,e. continuously decreasing or increasing 
readings.) 
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I. 


II. 


m. 


IV. 


V. 




True amps. 


Correotion 
for A. 


Bemarks. 


SA 


A 










Instniment SA 

Ammeter A (type, etc.) 



Plot a calibration curve for A, having readings on A for absciss® 
and true amps, for ordinates. Or plot a curve having readings on A 
for abscissa, and " corrections for A " as ordinates — 
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Results— 

Record of Experiment No. K1. 

Calibration of an Ammeter. 

Ammeter No. 16360 N.C.S. Patent, reading up to 10 amps, 
gravity control. 



I. 


II. 


in. . 


IV. 


V. 


Beadingat 


ntinitni- 








mei 


Its. 


Tnie 
amp*. 


Correotion for A. 


BemarkB. 


SA 


A 




101 


100 


100 


None 


Instrument SA. — Kelvin 


8-6 


8-45 


8-6 


Add 005 


and White, sub-standard 


7-09 


7-05 


7-0 


Subtract 0*05 


No. 


5-57 


5-5 


5-5 


None 


Ammeter A (as above). 


4-05 


4-05 


4-0 


Subtract 005 


Circuit momen tarily broken ; 


2-52 


2-6 


2-5 


None 


no hysteresis error. 


2-52 


2-47 


2-5 


\ 


4.05 


40 


40 




6-67 


5-47 


5-5 




7-09 


70 


70 


) Increasing, circuit unbroken. 


8-6 


8-45 


8-5 




10-1 


9-95 


10-0 


•<- Circuit broken. 


10-1 


100 


100 


\ 


8-6 


8-6 


8-6 




7-09 


7-15 


7-0 




6-57 


5-67 


5-5 


) Decreasing, circuit unbroken. 


405 


4-15 


40 




2-52 


2-62 


2-5 


) 



The first curve is plotted in Fig. 36, and the last two in Fig. 37, 
in which the arrows indicate the curves for increasing and decreasing 
current respectively. 
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True 
Amps 




RtAIMNGS ON A 

Fio. 86. 



Tru^jl/npt ^- 




Fig. 87. 

Experiment No. K2. — Calibration of a Voltmeter by 
comparison with a Standard Voltmeter. 

Introduction.— Bead carefully the introduction to this chapter. 

In the calibration of a voltmeter further considerations than those 
mentioned in Experiment Kl — ^the Calibration of an Ammeter — are 
necessary. From considerations of the method of using them^ instru- 
ments may be broadly classified as of two types — 
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(a) Those for momentary testing only (this includes all such 
instruments as portables^ cell testers, etc.). 

(b) Those which are always in circuit (generally switchboard 
instruments). From considerations of the manner in which the 
magnetizing coils and resistance coils are wound, they may again 
be broadly classified as — 

(i.) Those in which the magnetizing coils and resistance coils are 
of manganin wire, or of some other material having a negligible 
temperature coefficient. 

(ii.) Those in which the resistance coils are of manganin or other 
similar material^ but whose magnetizing coils are of copper wire. 

Now, the effect of leaving an instrument continuously in circuit 
is to raise the temperature of the coils above that of their surround- 
ings by an amount depending on the type, size, etc., of, and watts 
taken by, the instrument. The time taken by an instrument to '' heat 
up" to a steady final temperature above that of the surrounding 
atmosphere varies considerably with the properties of the instrument 
enumerated above. In some tests made on two types of switchboard 
voltmeters having soft-iron movements and connected to the normal 
line voltage, the average times of a series of tests, taken by the 
instruments to assume a steady temperature, were 1 hour 30 minutes 
and 2 hours 15 minutes respectively. If the instrument to be 
calibrated belongs to class (a) above, practically no heating takes 
place in it when in use, and the process of calibration should be 
carried out to correspond as nearly as possible to the actual use of 
the instrument in practice, i.e. to prevent heating, the whole process 
of calibration should not occupy more than a few minutes, or, the 
instrument should be placed out of circuit for a short time after each 
reading. This method is not of such importance with instruments 
of the class (a) (i.) above, but is essential with instruments of the (a) 
(ii.) class. It is, however, advisable to employ it even in class (a) (i.) 
for the reason that although the actual resistance of the instruments 
may remain unaltered, there will be a change of temperature of the 
coil bobbins, movement, etc., which may affect the deflection by a 
perceptible amount if the instrument is kept long in circuit. 

Instruments belonging to class (b) present difficulties in calibra- 
tion. Since these instruments are continuously in circuit, their 
temperature is always higher than that of tiie surrounding atmosphere, 
and this temperature, as stated above, depends upon the voltage 
supplied to the terminals of the instrument. Also, apart from any 
alteration of resistance, the deflection may be altered by the resulting 
expansion of the mechanism of the instrument, and the amount of 
alteration will depend on the rise of temperature, i.e. on the effective 
value of the p.d. previously applied and the period of its application. 
This is the only consideration with instruments of class Q) (i.), and 
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the aathor finds that for the majority of switchboard voltmeters of 
this type, the effect on the deflection of the pointer is so slight as to 
be negligible, and in a great many cases unreadable. Henoe 
instruments of the class (b) (i) may be calibrated as explained pre- 
viously, M, without heating up, or they may be calibrated after 
having been in circuit for some time, both scales being found on 
comparison to be in the majority of cases identical. With instru- 
ments of the class (h) (ii.), tiliere presents itself, in addition to the 
above, the effect of a rise of temperature on the copper magnetizing 
coil or coils. 

The resistance of these coils will increase with a rise of temperature, 
and this has the effect of decreasing the current flowing, i,e. the 
ampere-turns, in the instrument for a given applied voltage. The 
consequence is, of course, a decreased deflection. The amount of 
this decrease, besides depending on the properties of the instrument 
previously mentioned, will for a given rise of temperature depend 
also on tke ratio of copper to total resistance in the instrument, 
being greater for a large percentage of copper resistance. In the two 
types of instruments mentioned above, this ratio was one-fourth 
copper in both, and after both had been heated up by their normal 
voltage for three hours, the decrease in their reading at that pressure 
was found to be 2 per cent, and 1*5 per cent, respectively. The 
temperature coefficient of copper is 0*4 per cent, per degree C, so that 

0*4 
the temperature coefficient of both instruments is -j- per cent = O'l 

per cent, per degree C. Hence the effective temperature rise in the first 

2 
instrument was clearly ^ = 20'' C. ; and in the second instrument 

1*5 

g^j s 15^ C. under the above conditions. Had the instruments been 

previously run on a voltage other than normal, and then momentarily 
tested at their normal voltage, the decrease would, of course, be 
different to the above. 

Two methods of calibration therefore present themselves here for 
instruments of the class (b) (ii), viz. — 

(1) Calibration to be made quickly to prevent heating up, and 
the known constants of the instrument subsequently applied as per 
above. 

(2) Calibration to he made after the instrument has been heated 
up by the normal p.d. for a sufficient length of time to attain its 
maximum temperature. 

Method (1) is that usually employed by manufacturers for the 
quick calibration of commercial instruments, the constants instanced 
above (which have been pre-determined for the class of instrument 
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under calibration) being applied subsequently. As^ however^ this 
method requires an accurate knowledge of the heating constants of the 
instrument to be calibrated, it cannot generally be followed in the 
laboratory, and method (2) must be employed. 

In considering method (2) it is necessary to remember that a 
voltmeter for switchboard use is seldom used at any but the bus-bar 
voltage, the maximum range of which is seldom greater than + or 

— 10 per cent, of normal p.d. 

Also, on such occasions in which the instrument is required to 
indicate higher or lower p.d/s than normal, the readings are momentary 
readings only, and the instrument is at the st^y temperature 
attained after a continuous run at bus-bar voltage. Hence the most 
satisfactory method of calibrating such an instrument is to ensure 
that it has attained its working temperature, and then to calibrate it 
from the highest to the lowest point on the scale, taMng a relatively 
large number of readings within the above lunits ( + 10 per cent, to 

— 10 per cent.) of normal instrument reading. The experiment 
consists in calibrating a voltmeter by one of the methods enumerated 
in this introduction, the method being given for a switchboard 
voltmeter calibrated by method (2). 

Diagram of Connections. — 




\AA/V\AAAWW\/WW\/VV\AA/V^^ 



Fio. 88. 

Apparatus required.-^ 

SV ss sub-standard voltmeter with its calibration curve. 
y as voltmeter to be calibrated. 
+ — es source of constant E.M.F. about 20 per cent, higher than 
normal. 
B as high resistance provided with a movable contact. 
S s= switch. 
Method.--{l) Adjust the pointers on SV and V to zero (see (1) 
in the previous experiment). 
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(2) Close S and adjust the movable contact of B for about the 
normal voltage as measured by SV. Disconnect SV and leave V in 
circuit to be heated up by the normal voltage for at least half an 
hour. In the majority of instruments the temperature of V rises 
rapidly at first, and attains a temperature only a few degrees lower 
than its final temperature after about half an hour. 

(3) Place SV in circuit again and calibrate Y from a reading 
about 20 per cent, above normd to as low as possible, taking readings 
more frequently in the vicinity of normal voltage, and observing with 
great care the precautions explained in the method of the preceding 
experiment. Take in all 10 or 12 simultaneous readings on SV 
andV. 

Results. — Tabulate your results thus — 



I. 


. II. 


m. 


IV. 


V. 


Beading on instniments. 


True YoltB. 


Correction 
forV. 


Bemarks. 


SV 


V 










Instrument, SV. 
Voltmeter, V 
Previoua treatment of V 
Boom temperature 



Plot a Calibration Curve for V having readings on V for abscissae 
and True Volts for ordinates. Or, plot a curve having readings on V 
for abscissae, and ** Corrections for V '' as ordinates. 
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Results— Record of Expkriment No. K2. 
Calibration of a Voltmeter, 



L 


II. 


in. 


IV. 


V. 


Bcadinga 


on Instro- - 








ma 


Dto. 


Tnie Volts. 


Correotion 
forV. 


Bemarks. 


8V 


V 






75 


80 


Same 




Instrument SV. — Kelvin and 


81 


83 


as 


2 high 


Wliite^ standard voltmeter. 


88 


88 


column 







98 


97 


I. 


1 low 


Instrument V. — Crompton 


100 


100 




— 


Gravity type. 


112 


112 




— 




118 


116-5 




1*5 low 




125 


125 




... 




134 


134 




— 




141 


141 




— 




158 


158 









178 


178 




-.. 




193 


192 




1 low 




207 


207 




_ 




212 


210 




2 low 




216 


216 




— 




226 


225 




1 low 




228 


228 




— 





Trut 
¥o/ts 




leo aoo MQ 

Reacf/ngs on 1/ 
Pro. 39. r^ T 
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Experiment K3.— Calibration of a Wattmeter by com- 
parison with a Standard Ammeter and a Standard 
Voltmeter. 

Introduction. — A wattmeter is an instrument which measures 
the product of amps, and volts supplied to it; it is essentially a 
combined ammeter and voltmeter, the deflection of the pointer being 
dependent on the interaction of the two portions upon one another. 
A wattmeter should read accurately the power supplied to a circuit 
when either the current or the pressure, or both, vary in value within 
their respective limits stated on the instrument. 

The calibration here described is that of a wattmeter under each 
of the above conditions by comparison with a standard or sub-standard 
ammeter and voltmeter placed in its circuit, the supply being direct 
current. There will therefore be three separate calibrations — 
A. — ^With constant voltage and variable current. 
B. — „ variable „ „ constant „ 
C— „ „ „ „ variable „ 

In common with ammeters and voltmeters, wattmeters are liable 
to many errors, and the remarks made in the introduction to this 
chapter and to portions A and B apply also here ; also, the precaution 
there enumerated should be rigorously followed if the calibration is 
to be of any service. 

Diagram of Connections. — 




Fig. 40. 

Apparatus required. — 

VC, AC =2 voltmeter and ammeter coils of wattmeter. 
A = standard or sub-standard ammeter. 
V SB „ „ „ „ voltmeter. 
AK = adjustable resistance (say water resistance). 
HB, K as high resistance and adjustable contact key to obtain 
various voltages. 
B = source of steady supply. 
S = main switch. 
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Method. — A. Constant Potential.— (1) Carefully adjust the 
pointers of all the instruments to zero. Insert all AB and close S. 
Adjust A£ for a convenient current as indicated on A, then move K 
over HB towards B until Y indicates the voltage reqtdred. Gently 
tap the dials of all instruments whilst making t£ese adjustments (to 
overcome frictional errors), and note the readings on Y, A, and the 
wattmeter. 

(2) Adjust AB for a slightly increased current, then agsun adjust 
the voltage to its correct vidue, and after gently tapping all the dials, 
note the values of E, C, and watts W. 

(3) Bepeat (2) for currents up to the maximum capacity of the 
instruments, taking about ten readings in all and carefully noting the 
corresponding values of E, C, and W. 

(4) Bepeat for decreasing values of C. 

B. Cpnstant Current.— (1) Carefully adjust AB until the 
maximum current for the instrument is indicated on A. Move 
E towards A so as to get a small voltage indicated on Y. Observe 
the usual precautions and take the values of E, C, and watts. 

(2) Bepeat for voltages up to the maximum for the instrument, 
taking about ten readings in all. 

(3) Bepeat for decreasing voltages. 

C, — Variable Current and Voltage. — (1) Adjust AB and the 
position of E for small values of C and E, and after tapping, note 
these values and the reading on W. 

(2) Take increasing values of C and E up to the maximum values 
for the instrument, teeing about ten readings and noting all the 
values of C, E, and W. 

(3) Bepeat for decreasing values of C and E. 
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I, II. 


III. 


IV, ! V. 


VI. 


VII. 


Bead- 
ing on 


True 

TOltS, 

E. 


Bead- 
ing on 


True 


True 
watts, 
ExG. 


Watt- 
meter 
reading, 
W. 


Bemarks. 








1 

i 

j 
i 




, ■ G increasing. 

- A.* Gonstant voltage. 

G decreasing. 

^ E increasing. 

- B. Gonstant current 

E decreasing. 

; 1 E and G increasing. 

- G. Variable E and G. 

; 1 E and G decreajsing. 



Plot on three large diagrams curves between true watts and 
wattmeter readings for both increasing and decreasing values in 
tests A, B, and C respectively. Draw the average curve on eadL 

Plot the three average curves obtained on one diagram, and if 
they do not coincide, draw their average curve. From this final 
curve construct a table giving the error of the instrument at readings 
lOy 20, etc., up to 100 per cent of full scale reading. 
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Results— 

Becokd of Experiment No. K3. 
Calibration of a Wattmeter. 



I. 


u. 


m. 


IV. 


V. 


VI. 


VIL 


Beading 
onV. 


True 
volts, E. 


Beading 
on A. 


True 
amp*., C. 


True 

watts, 
EXC. 


Watt- 
meter 
leading, 
W. 


Bemarka. 


110 
110 
110 
110 
110 
110 
110 
110 


Same 
as 
L 


2-13 

2-6 

3-1 

3-54 

3-97 

4-45 

4-84 

6-2 


Same 

as 

III. 


234-5 

286 

341 

389 

436-5 

489 

532 

582 


222 ^ 

273 

330 

370 

422 

476 

520 

570 


A. Constant voltage. 
C increasing. 


109-8 
102-5 
92-8 
81-8 
72 
61-5 
48-8 
36-3 
20-2 


Same 
as 
I. 


5 
5 
6 
5 
5 
6 
5 
5 
5 


Same 
as 
III. 


549 

512-5 

463-5 

409 

360 

307 

244-5 

181-5 

101 


540 
505 
455 
405 
352 
302 
240 
176 
100 


,6. Constant current. 
E decreasing. 


113-5 
105-7 

95-8 

84 

74-4 

65 

51 

30 


Same 
as 
I. 


5 

4-5 

4 

3-6 

3-2 

2-8 

2-5 

2 


Same 

as 

III. 


567-5 
471-5 
383 
302-5 
238 
182 
127-4 
61-4 


560 
455 
373 
294 
230 
176 
123 
60 


C. Variable Band C. 
E and C de- 
creasing. 
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,?C«? SOO *fO0 

Fig. 41. 



Experiment K4. — ^Test of an Electricity Meter. 

Introduction, — ^Electricity meters are instruments which measure 
the amount of energy delivered to a circuit; they diflTer from a 
wattmeter in that whereas the latter measure the product of C and 
E, meters measure the product of G, E, and time. They are therefore 
provided with an ammeter and voltmeter portion, and mechanism to 
record the product of these two quantities and time. It will imme- 
diately be evident, however, that when energy is supplied at constant 
pressure, an instrument measuring and adding up successive products 
of current and time will give indications representing products of 
C, E, and time. 

Such meters are classified as — 

(A) Quantity, coulomb, or ampere-hour meters. 
The former are classified as — 

(B) Energy, watt-hour, or integrating wattmeters. 

Meters may be, again, classified according to their principle of 
action, as (1) Motor meters ; (2) clock meters ; (3) electrolytic meters. 
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Class A may be constructed on either principle 1, 2, or 3, whilst 
those of class B are confined to types 1 and 2, since those instru* 
ments in class 3 depend for their action upon the chemical action of 
the current which is proportional to C x time. The instrument 
tested should be first fuUy classified as above, and connected up 
accordingly. 

The diagram of connections and method here given are for an 
instrument belonging to class Bl — a motor meter measuring products 
of C, E, and time, the best known meters of which type are the 
Ferrant^* Elihu Thomson, Shallenberger,t Hookham * and Westing- 
house t meters. In each of these meters the indications on the 
recording dial are proportional to the revolutions of the rotating 
portion, so that for a constant potential supply the revolutions per 
hour of the rotor should be exactly proportional to C. This, then» 
suggests the main test of the instrument, viz. to test whether the 
speed of revolution of the rotor is proportional to C. This is 
accomplished by counting the revolutions per minute n of the 
rotating part for various constant values of c and plotting these 
against C, when the resulting curve should be a straight line. The 
other portion of the test will be to find whether the instrument 
records correctly for, say, an hour, and to find the least current 
necessary to rotate the armature. All currents below this latter 
will, of course, be supplied to the customer free of charge. 

The wording of the method below, although generally applicable 
to the above instruments, applies particularly to the Elihu Thomson 
meter. 

Diagram of Connections. — 




I — |,h.r:.-i,|/ 



B 
FiQ. 42. 

Apparatus required. — ^As for calibration of a wattmeter. Also 
a stop-clock (minutes and seconds ficngers). 

* These meters are really amp-hoar meters since they are not provided with a volt- 
meter coil. 

t For alternating current only. 
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Method. — (1) Connect up the wattmeter as shown, and, in 
addition, connect up the compensating or compounding coil, if one 
is provided on t^e meter. The function of such a coil is to produce 
a very slight torque, just suf&cient to overcome resistances due to 
friction of pivots, etc., so that the motor commences to rotate and 
record the slightest current through the main coiL Make a white 
mark on the rotor either with chalk or by gumming a small piece 
of stamp paper on to it ; this is to enable the counting of the revolu- 
tions of the armature. 

(2) Break the main circuit by means of AB and close S. Adjust 
the position of K on AE so that V and VC receive the normal 
voltage of the meter. This voltage is to be kept constant throughout. 

(3) Insert all the resistance of A£, and gradually decrease it, i.e. 
increase C until the motor jvst commences to rotate. Bepeat this 
two or three times, and take the average value of the current so 
found. All values of C below this value are not recorded by the 
meter, since they produce no rotation of the armature. 

(4) Bepeat (3) with the compensating coil disconnected, and 
compare the new. starting current with that required when the 
compensating coil is in use. The new current is that required in 
the ammeter coils to overcome the friction of the armature, and is 
the maximum current which the customer could receive without 
charge if no compensating coils were provided. Re-connect the 
compensating coils^ 

(5) Adjust AB so that the full current stated on the meter is 
indicated on A; the rotor will now be revolving at a good speed. 
Count the number of revolutions in one minute ; note the current C 
and the speed ni. In performing the experiment, care must be taken 
that the speed of the motor is unaffected by external influences, e.g. 
air draughts, touching with the hand, etc. 

(6) Bepeat (5) for decreasing vadues of steady current, say 0*75, 
0*5, and 0*25 of the maximum, in each case verifying the voltage on 
V and VC, and noting corresponding values of C and n. 

Note. — ^The above readings should not include the starting and 
stopping of the motor, but should only be taken over periods when 
all tJie factors, C, E, and speed, are constant. 
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Results. — Tabulate your results thus — 



I. 


U. 


ra. 


IV. 


Voltage on 

V and VC, 

E. 


Gnmnt on 

A and AC, 

C. 


Beyolutions 
per minute, 

n. 


Remarks. 








Starting current— 
With oompeniating ooil 
Without compensating ooil 



Plot a curve showing the relation between c and n with values 
of c as abscissae and of ti as ordinates. 

State what facts are shown by this curve ; also find from it the 
total number of revolutions of the armature per B.O.T. unit. 

Finally, make a test of the accuracy of the instrument by passing 
through it, say, 1000 watts for one hour, when the instrument should 
indicate one B.O.T. unit having passed through it. It is not possible 
to perform this task to any great accuracy, since meters are generally 
not graduated to less than 0*1 of a B.O.T. unit ; readings can, how- 
ever, be made to a greater accuracy than this by watching the 
complete rotation of a marked tooth on the wheel attached to pointer 
moving over the units dial. 

Compare the actual reading of the instrument with the B.O.T.'s 
supplied to it. 
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Results — Record of Experiment No. E4. 
Teat of an MeetricUy Meter. 



L 


u. 


m. 


m. 


Voltage on 

V and VO, 

E. 


Cniienton 

A and AC, 

C, 


BeTolntions 

per minnte. 

n. 


Bemarlcg. 


100 
100 
100 
100 

100 


2-2 
3-9 
5-0 
60 
7-2 


20 

28-5 

39 

50 

60 


Resistance of Am- 
meter portion = o-o8 ohm 
.'. watts lost at 5 a = 2 watts 
Resistance of volt- 
meter portion = 2400 ohms 
.*. watts lost at 


110 
110 
110 


21 
3-5 
5-0 


17 
30 
46 


100 volt = 4*5 watts 
.-. Total loss = 6-5 watts. 

1 




Cv/re/i/ C (omfis) 
Fio. 43. 
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From the above carves it is found that at 100 volts and 5 amps, 
the error of the meter in favour of the customer was 2-84 per cent. 



Experiment No. Ks. — Calibration of a Mirror 
Galvanometer. 

Introduction.— The experiment is to determine the " sensitive- 
ness " of a mirror galvanometer for given conditions. The '' sensi- 
tiveness" or "figure of merit" of a reflecting galvanometer is 
expressed as the current in amperes required to produce unit deflec- 
tion on the scale. With a given galvanometer this current will 
depend open two conditions — 

(1) The length of each division of the scale, i.e. whether in 

millimeters or some other unit ; and 

(2) The distance of the scale from Uie mirror. 

La galvanometers provided with a controlling magnet a third 
condition occurs — 

(3) The position of the controlling mi^et. 

It follows, therefore, that, in expressing tlie figure of merit for 
any galvanometer, each of the above conditions should be stated. 

&e current might be obtained either by measuring the current 
in the main circuit by a low-reading sub-standard, and calculating the 
value of the current in the shunted galvanometer, or by placmg a 
large known resistance in series with the galvanometer and calculat- 
ing the value of the current supplied to the circuit by a cell of 
known E.M.F. The latter method is the one employed here, the 
KM.F. of the cell being measured beforehand on the potentiometer.* 

Diagram of Connections. — 



B 







^ 



Fio. 44. 
* See chapter oa *" The Potentioiiieter/' 



Digitized by 



Google 



ELECTRICAL ENGINEERING 



83 



Apparatus required. — 

G = galvanometer to be calibrated. 
Sh = dmnt for G. 
Sc s scale for G. 

B = cell of constant E.M.F. 
ES = reversing switch. 

B = external resistance box. 

S = switch or key. 
Method.— (1) Measure the KMJP. of the cell B by means of the 
potentiometer ; call this E. 

(2) Set the scale so that the " spot " of light reads zero on Sc. ; 
place in a low-resistance shunt Sh, and the maximum resistance in B, 
and dose S. So arrange the values of Sh and B to obtain the 
maximum deflection possible on the scale, making the total resistance 
of the circuit as large as possible. 

(3) Close S, and note the deflection to right and left by reversing 
with BS. Note the values of B, Sh, and G combined, and the 
internal resistance of B (if appreciable compared with B).^ 

(4) Bepeat (2) for gradually decreasing deflection, i.e. increasing 
the resistance in K, notmg carefully in each case the two deflections 
and the corresponding values of B and Sh. 

Results. — Tabulate your results thus — 



I. 


II. 


m. 


IV. 


V. 


VI. 


VU. 


VTTT. 


Ex- 
ternal 
resbt- 
anoe, 
Bohms. 


Besist- 

anoeof 

B,G 

andSh. 


Total 
resist- 
ance in 
circuit. 


Deflections. 


E.M.F. 
ofceU 
B = E. 


Bemarks. 


Left. 


Bight. 


Aver. 
















G = cms. from scale. 

B = 

G = 

Sh = 
GxSh 

G+Sh 

Galyo. = 



Draw a curve showing the relation between total resistance and 
average deflection, plotting values of B for ordinates. 

To find tiie figure of merit from this curve choose any point, and 
note the values of B^^ and deflection d. 

* See Tables in Appendix. 
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E 

Then, the total current in the circuit = ^ — 

the " shunting value " of SA on G as — j^^; — 

orb 

.% the current through G i 



Kt«ui X (SA + G) 



and this gives a deflection d, so that the 

Figure of merit = R^(Sh + G).d 

State any assumptions made in the above, and what objections 
would be raised to the use of the figure of merit so obtained with a 
much larger deflection than the maximum employed in the determi- 
nation. 



Results — 



Eecord of Experiment No. K5. 
Calibration of a Mirror Galvanometer, 



I. II. 


TTT. 


IV. 


V. 


VI. 


vn. 


VUI. 


j 

Kztemal; Resisi- 


ToM 


Defleetioni. 


BMF 




resist- ance of 


resist- 




nf aaII 


Tlafna.rlrH 


anoe, B, G, 


ance in 








B — E 




BohmB. 


andSA. 


aiiooit. 


Left. 


Bight. 


Aver. 






5,000 


323 


5,323 


340 


320 


330 


218 


B= negligible. Scale in 


6,000 


99 


6,323 


290 


270 


280 


99 


millimetre divisions. 


7,000 


M 


7,323 


250 


230 


240 


» 


^ • SA ,-., «!, 


8,000 


99 


8,323 


215 


210 


213 


» 


G + SA = 3*3 ohms. 


9,000 


» 


9,323 


190 


190 


190 


}} 


G = 72 cms. from scale. 


10,000 


>» 


10,323 


175 


173 


174 


>» 


Galvo. a= D'Arsonval 
"Midget." 
Galvo. No. 8071 

»= 94-4 ohms. 



Figures of merit from. above — 

Shunting value- of S& s 30. 
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4-07 

413 

411 

413 

41 

41 



10-8 
10-8 
10-8 
10-8 
10-8 
10-8 



Average = 4*1 x 10-8 amps, per division. 



fsieOG 




Experiment No. K6.— Calibration of a Metre-bridge Wire 
(Gray's Method), 

Introduction. — ^The uses of the stretched wire of a metre bridge 
or potentiometer in the laboratory axe niunerous. In using it the 
assumption made is that length represents resistance, i.e. the wire 
has the same resistance per cm. throughout its length. The following 
is Grajr's modification of the Carey-Foster method of testing the 
uniformity of or calibrating a bridge wire over its lengtii. The 
modification consists in making all the important connections perma- 
nent; those of a temporary character only being confined to the 
galvanometer circuit where they have no disturbing influence, 
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Diagram of Connections.— 



J®L 



cos 



Fio. 46. 



Apparatus required. — 
ab s wire to be calibrated. 

AB s second bridge wire of same resistance as wire ab, 
r,r^ two equal low resistances, aA, 6B (each about one-twentieth 
of that of wire ab). 
hi s battery. 

cos ss change-over switch^ 
G ss galvanometer. 
c,Gss tapping contacts on wires ab and AB. 
Method. — (1) To verify the equality of resistances r, r, join Ji 
across AB, and obtain balancing points for c and C on wires ab and 
AB. Now place Ji on ab, and u r = r, no deflection will occur. 

(2) Connect up as above, and switch hi on A and &; place contact 
c on a, and move C along AB for a balance on G. Note the lengths 
ac and AC. 

(3) Change over Ji on to a and B, leave C undisturbed, and move 
c along ab for a balance. Note the lengths ac and AC. 

(4) Again change over to A and b, leave c undisturbed, and find a 
balancing point for C on AB ; noting the lengths ac and AC. 

(5) Sepeat (3) and (4) until c arrives nearly up to &; noting in 
all cases the lengths oc and AC. 

By this means both wires ab and AB will have been divided up 
into a number of short lengths, each having a resistance 2r.* 

* This is only tnie if AB = ab. If they are not equal, it can be shown (e,g, see 
Gray's ** Absolute Measorements," yol. i. p. 848) that the resiatance of each step is 
1 A. n AB + r 
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L 


n. 


m. 


IV. 


V. 


VL 


Bending 
on bridge, 
06 = 00. 


Differ- 


Bedftuioe 
otae. 


Beading 
on bridge, 
AB = AO. 


Differ- 
enoes. 


Bemarks. 










• 


Length and redat- 
anoe of oft 



To find the values in Column III., the value of r, or of the wire 
(ib, will have to be known. If the value of r is known, the column 
will read 2r, 4r, 6r, etc. If r is not known, it may be found after the 
test fix>m the number of steps, each of value 2r, which have been 
made on db. 

Plot a curve showing the relation between lengths ac and resistance, 
taking lengths on the abscissae. 

Results — 

Begobd of Expkbtmknt 'So. K6. 

CcUihration of a Metre Bridge Wire (Oray's Method). 



I. 


n. 


in. 


IV. 


V. 


VL 


Beading on 
bridge, 


Difference*. 


Bedatanoe 
otae. 


Beading on 

bridge, 
AB:=AO. 


Differenoes. 


Bemarks. 




14-75 

29-7 

45-15 

60-8 

76-8 

93-3 


14-75 

14-95 

15-45 

15-65 

160 

16-5 


0-2635 

0-527 

0-7905 

1-054 

1-3175 

1-581 


7-45 
22-75 
38-45 
54-45 
70-7 
87-4 


7-45 
14-7 
15-7 
16-0 
16-25 
16-7 


aJ) = 100 cms. 
;= 1-687 ohms. 
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#9 40 

Lengfh ac (cms) 

Fig. 47. 
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CHAPTER VIII 
MISCELLANEOUS EXPERIMENTS 

, Experiment No. Mi. — Variation of Resistance with 
Dimensions and Material. 

Introduction. — The experiment is to determine the relation between 
resistance and length, and resistance and cross-sectional area, of wires 
of different materials. 

Diagram of Connections. — As for any suitable method of 
measuring resistance. 

Apparatus required. — 

(a) Wires of the same material, of the same cross-sectional area, 

but of different lengths. 

(b) Wires of the same material, of the same lengths, but of 

different diameters (i,e. areas). 

(c) Wires of the same length and area, but of different materials. 
Apparatus for a suitable method of measuring resistance. 

Method. — (1) Measure the resistance of each of the wires in (a) 
above, noting the material, the area of cross-section A in sq. cms., the 
length of the wire L in cms., and the resistance B in ohms. 

(2) Measure the resistance of each wire in {b) above, noting the 
matenal, L in cms., A in sq. cms., and B in ohms. 

(3) Measure the resistance of each wire in (c) above, noting the 
matenal and B of each wire, L and A, and the temperature of the 
room in each case. 

Results.— Tabulate your results thus — 

(1.) 



I. 


II. 


III. 


lY. 


V. 


Material. 


A sq. onui. 


LoniB. 


Rohme. 


RemarkB. 










Boom temperatore - ^0. 
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Plot a cnrve having Tallies of B for <ndinate8, and of L for 
absdsssBL 

(2.) 



L 


n. 


in. 


IV. 


V. 


MateriaL 


L«. 


Aiq.oiii.. 


Bohms. 


BemaikB. 










Boom temperaliira - ""G. 



Note that the product of L and A is constant^ or that B varies as 
.-, and hence plot a curve having values of S for ordinates, and 



of -T- for abscissae. 
A 



(3.) 



I. 


II. 


III. 


IV. 


V. 


LmuB. 


A sq. cms. 


Ifoterial. 


Bohms. 


Bemarks. 










Boom temperature ^ 0. 



Note from curve (1) above, EocL, and from curve (2), that 
E Qc ^ for the same materiaL Therefore — 

E = -X X a constant 
A 

and since L and A are measured in cms. and sq. cms. respectively^ 
the constant is the resistance between the two opposite faces of a 
centimetre cube of the material. This is the specific resistance of the 
material at the particular temperature, and is usually denoted by p. 
So that for any material — 

where p is the specific resistance of the materiaL 
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The values of p for the different materials measured are directly 
derivable firom (3) — 

smce E = p-^ 
.A 



Results— 



Ebcord of Experiment No. Ml. 
Table I. 



I. 


n. 


ni. 


IV. 


V. 


Material. 


A sq. oms. 


LomB. 


B<^ 


Bemarlm. 


30 S.W.G. 


rf= 0-0315 cm. 

A = 0000779 f 
sq. cm.\ 


200 

100 

75 

50 


5-77 ohms 
2-89 
2-26 
1-45 


Temp. 16*" C. 



R-ohmt 



-IpF- ^ aI-Z[-^X 






±-^-i^5"-T 


^±i-±i---±5 




-■ -'-i:h- 


Efe::::::!!::: 

-?T --- 


\ 1 Ir ■y'f 
;;=;;:::i!;:ft:J 

;:....,i:J:....g 


H^-J-H"~;t: 


: . . : V : - -[^ hix 


;:::::::$:-:::::::: 


ii!-;;;;::;::!;:;:: 





L cms. 
Fio. 48. 
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Table IL 



I. 


n. 


m. 


IV. 


V. 


VI. 


Material 


LomB. 


A sq. oms. 


Bohms. 


1 

A 


Bemarks. 


German 
silver 


100 
» 


30 S.W.G. 0-000779 
26 „ 0-00164 
22 „ 0-00397 
18 „ 0-0117 


2-89 ohms 
1-37 „ 
0-57 „ 
0192 „ 


1283 
609 
252 
855 


Temp. 16° C. 




Fia. 49. 
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I. 


II. 


m. 


IV. 


V. 


L cms. 


Asq. cms. 


Material. 


Bohms. 


Bemarks. 


100 


30 S.W.G. 0-000779 
„ sq. cm. 

w 


Cu (annealed) 
Gennan silver 

Ahiininuim 

Iron (annealed) 

Tin 


0-22 

2-89 

4-0 

1-38 

1-8 


Temp. 16° C. 



Values of p calculated from formula — 

Copper = 1*71 x 10-® ohms per cm. cube. 
German silver = 22-5 X 10"® „ „ 

Aluminium = 312 x 10"® „ „ 

Iron (annealed) = 1052 x 10-« 
Tin = 140 X 10-« 



Experiment No. M2. — Laws of Combination of 
Resistances. 

Introduction. — ^When a number of resistances are connected in 
series^ the total resistance of the circuit is their sum. For a number 
of resistances connected in parallel, the total resistance is found 
indirectly. It is obvious that the " conducting power*' of the circuit 
will be the sum of the " conducting powers ** of the respective resist- 
ances, and since the conducting power of the circuit of B ohms is 

represented by the reciprocal of R, i.e. ^, the total conducting power 

of a number of resistances, Ei, Ea, etc., in parallel, is represented by 

Hence^ a= :^ + :p- + etc 
The experiment is to verify the above laws. 
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Diagram of Connections. — As for any suitable method of 
measuring resistance. 

Apparatus required. — ^A number of resistouces of different 
values capable of b^g connected in series or parallel. 

Apparatus for a suitable method of measuring resistance. 

Method.— (1) Measure each of the resistances, Bi, B2, eta, 
separately. 

(2) Connect any two in series, and measure their combined 
resistance ; then any three, and then any four, measuring their com- 
bined resistance in each case, 

(3) Connect any two in parallel, then any three, and so on, 
measuring the combined resistance in each case. 

Results. — Tabulate your results thus — 



L 


II. 


III. 


IV. 


V. 


VI. 


VII. 


VUI. 


Ri. 


R,. 


R.. 


R,. 


Circuit 


Measuied 
resistance. 


Calculated 


Remarks. 










R._ 
















R, 


















R. 


— 
















etc. 









Note. — The expression for the resistance of a parallel circuit is 
best left in the form given above, viz. — 

p = p- + p- + etc. 

X& IXi Xij) 

If worked out for R directly, for three or more resistances, the 
expression becomes unnecessarily complicated ; for example, for three 
resistances, Ei, Ra, and Ra in parallel— 

-^ = ^ + ^+^- 
R Ri R2 Rfl 

1 _ RaRfl + RiRs + RiRg 

R RiRjiRg 

RiRsRs 



R=: 



R2Ra + Rx^s + R1R2 
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Hence (he reason for employing the original formula above, 
giving g. 



Results — 



Becobd of Exfebiment No. M2. 



I. 


11. 


in. 


IV. 


V. 


VI. 


vn. 


vra. 


B. 


B, 


B. 


B, 


Circuit. 


Measnied 
resistance. 


CaloolAted 
resistanoe. 


Remarks. 


ohms 
10 


ohm* 
10 

10 
5 


ohms 
10 

15 


ohms 
20 


- 


B, 

_B^ 
B. 


— 


ohms 
5-0 

3-35 
2-42 


ohms 
50 

3-3 

2-4 




10 


— 


Br 


— 








B, 






10 


— 


B, 

^B^ 

B. 


— 
















Experiment No. M3.— Variation of Resistance with 
Temperature of Different Materials* 

Introduction.— The variation of the resistance of conductors 
with temperature is of great practical importance. The majority of 
conductors increase in resistance with temperature; they have a 
"positive coefl&cient." Those substances whose resistance decreases 
with a rise in temperature are said to have a "negative coefl&cient'* 
The coefBicient being the ratio of the alteration in resistance per degree 
C. to the resistance at (f C. The experiment is to determine the 
value of this coefficient for different metals. 

Diagram of Connections.— As for any accurate method of 
measuring resistance. 

Apparatus required.— A number of coils of wire of different 
metals, preferably bare wire wound on perforated insulation bobbins. 
Apparatus for raising the temperature of the coils, preferably an 
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inner vessel containing oil» and in which the coils are placed, sur- 
rounded by an outer vessel containing water heated by a bunsen 
burner. An accurate thermometer. 

Apparatus as above for the accurate measurement of resistance. 

Method.— (1) Immerse the coils in the oil bath, stir the oil well 
for uniform temperature T^ C. throughout, and accurately measure 
the resistance of each coiL Note temperature r' C. by an accurate 
thermometer and resistance Br ohms of each coil. 

(2) Heat the water in the outer vessel with the bunsen burner 
continuously, and when the temperature of the oil and coUs has been 
raised about 5^ C, carefully measure the resistance of each coil in turn. 
Great care should be taken to keep the oil well stirred, so as to obtain 
the exact imiform temperature throughout, and since the measurement 
of a number of resistances takes time during which the temperature 
is continually rising, the reading on the thermometer should be taken 
at the moment of balance in each case. Note the values of Ti and 
B„ in each case. 

(3) Repeat (2) for successive rises of about 5"^ C, up to a 
temp^ture of about lOO*' C, observing carefully the precautions in 
(2) in each case. 

(4) Repeat all measurements when the apparatus is cooling down. 
Results. — ^Tabulate your results thus — 



I. 


II. 


m. 


IV. 


V. 


VL 


VII. 


Material 


Material 


Material 




Tempera- 
ture ° 0. 


B 


Tempera- 
ture ° C. 


B 


Tempera- 
ture °C. 


B 


Bemarks. 














Heating. 
Oooling. 



Let Ro « the resistance of a coil at 0"^ C. 
Rr=: „ „ the coil at rC. 

Then Rx = Ro (i + oc T) 

where oo is the " temperature coefBicient " of the material. 

Plot curves for each case above, showing tiie rektion of resistance 
and temperature, taking values of resistance as ordinates, and of 
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temperature as abscissae. From the above expression the curves are 
stra^ht lines, cutting the axis of B at a point B^ Choose the average 
line between the two curves plotted for heating and cooling in each 
case, and by taking any point on it together with the point B^, 
find X for the materiaL 



Results — 



Becobd of Experiment No. M3. 



I. 


n. 


in. 


IV. 


V. 


VI. 


VII. 


Material, ooi>per. 


Material, iron. 


Material, Qerman 
silyer. 




Tempem- 
tnw ° C. 


BohmB. 


Tempera- 
ture °0. 


R ohms. 


Tempera- 
ture "" C. 


Rohms. 


Remarks. 


15 
34 
55 
73 
92 


10-6 
11-5 
12-2 
13-0 
13-8 


15-0 

36 

57 
74 
93 


10-8 
11-8 
12-7 
13-5 
, 14-6 


15 
30 
50 
70 
90 


10 

10-1 

1016 

10-25 

10*3 


Heating. 




a 



Tn 



TTp 



'■■iM-, 



rri 






ip ■ in ■<§■ ■«■■■-■■■■* 



!Hi!:ii::s!:»»:^n^iiSB 



ius::::»:::::::::;:s;::::»;:: 



l»;SHii:i::B:::!»H: 




Tem/tera/t/re 
Fig. 50. 

Values of o& from above — 

Iron = 0-0048. 
Copper = 0-0041. 
German silver = 0-00034. 



H 
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Experiment No. M4.— Resistance Test on a Storage Cell 
(Potentiometer Method). 

Introduction. — ^The object of the experiment is to ascertain the 
internal resistance of a storage cell or accumtilator, and how it is 
affected by the extent to which the plates are immersed in the acid 
of the celL The resistance of the cell is made up of a number of 
factors : — 

t Terminal and plate resistance. 
Contact resistance of plates and electrolyte. 
Resistance of electzolyte itself, 
factors {h) and (c) will obviously depend upon (amongst other 
things) the extent to which the plates are immersed in the electrolyte. 
The method adopted to measure the resistance of the cell is 
essentially that employed in experiment R14, with the addition that 
the terminal E.M.F. of the cell is measuied not by a voltmeter 
directly, but by balancing it against the drop of potential along a 
potentiometer wire supplied wi& a constant current. 
Diagram of Connections. — 



^ 



II- 



A/^^ijywwwwv^^yy^AA/^' 



\\ 



B 
AR 

1L_ 



I- 



FiQ. 51. 

Apparatus required.— 

B ss cell to be tested. 

b ss battery supplying constant current 
A sss accurate ammeter. 
AR ss adjustable resistance. 

S SB switcL 

G = galvanometer. 

oJ SB potentiometer wire. 

V =s voltmeter. 
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Method. — (1) Obtain a fully charged cell whose plates are in 
good condition (i.e. free from buckles, etc), and after emptying com- 
pletely of acid, connect up as shown. Then fill the cell with its acid 
until one-quarter of their depth is immersed, and shake well to get 
rid of any bubbles adhering to the plate surfaces. 

(2) With S open, obtain a balance on a6, and find the open circuit 
E.M.F. of B by calculation ; thus — 



E.M.F. of B = 



resistance ae 



resistance ab 
length ac 
^^ length ab ^ ^ 



XV 



(3) Adjust AB for a small current, and close S. Obtain a balance 
on ai, and note the current C indicated on A, and the terminal E.M.F. 
ofB. 

(4) Bepeat (3) for increc^ing values of C, noting in all cases the 
corresponding values of C, and length ac. 

(5) Bepeat for the plates immersed to half, three-quarter, and 
their whole depth in the acid. 

Results. — ^Tabulate your results thus — 



I. II. 1 III. IV. 


V. 


VI. 


VII. 


VIII. 


Potentio- ' Potentio- 
meter ! meter 
E.M.F. = V. 1 length, a6. 


Balancing ^"' 
length, oc. E = «^ . V 
ab 

i 


Drop in 
cell = /v 


Cur- 
rent, 
0. 


Besistance 
of cell = ^' 


Itcmarks. 


1 
i 


! 











Plot curves showing how the E.M.F. of the cell B drops with 
increasing current C for the different condition, quarter, half, three- 
quarter, and complete immersion of the plates. 

State how the internal resistance of the cell is affected by the 
extent to which the plates are immersed in the electrolyte. 
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Results— 



Eecoed of Experiment No. M4. 



I. 


u. 


III. 


1 

IV. V. 


VI. 


VII. 


vni. 


Potentio- 

meter 

E.M.F. 

= V. 


Potentio- 

meter 
length, a&. 


BaUnoing 
length, M. 

214 
195-6 
170 
159 


Cell, 


Drop in 
oeU=Zy 


Current, 0. 


101 
21 
3-28 


Beaiatanoe 
of cell = § 


Remarks. 


4-26 

}> 
ft 
» 


400 

ft 


2-285 
2-080 
1-810 
1-692 


0-205 
0-475 
0-593 


ohms 

0-203 

0-226 

0181 
Average 
E = 0-207 


■ifuU. 


4-26 

» 
>> 
fy 


400 

n 
if 
ft 


215 
209 
203-4 
200-4 


2-285 
2-225 
2-160 
2-130 


0-060 
0-125 
0-155 



1-3 
2-26 
2-9 


0-0462 

0-0553 

0-0518 

Average 

R=oo5ii 


■ Full. 



oTB. 
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Experiment No. M5.— Variation of Resistance of an Incan- 
descent Lamp with Voltage applied to it. 

Introduction. — ^The resistance of the carbon filament of a glow 
or incandescent lamp is found to be greater in the cold state than 
when hot, so that carbon has a ''negative temperature coefficient." 

A simple method of measuring Uie resistance of the hot filament 
is to mecusure the current passing and the potential drop in the 
filament, and to find its resistance by Ohm's law directly. Although 
the temperature of the filament in each case is not known, the relation 
between C and E, and between E cold and E at normal working 
current (E hot), is obtained. 

Diagram of Connections. — 




Fio. 58. 

Apparatus required. — 
GL = glow lamp. 
A = low reading ammeter, 0-1 amp. 
V as voltmeter, 0-25 per cent, above normal voltage. 
AE as high adjustable resistance. 
+ — s= lighting mains. 
S = switch. 
Method.— (1) Find the resistance of the lamp in the cold state 
by means of any accurate method, e,g, the post-office box method. 

(2) Adjust AE for a very small current through the lamp as 
indicated on A. Note C indicated on A, and E indicated on Y. 

(3) Increase C, and note the new values of C and E. 

(4) Eepeat (3) up to about 1*1 normal voltage (if possible), noting 
conespondlng values of C and E. 

(5) Eepeat the observations for decreasing currents. 
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Let Rl as resistance of the lamp 6L, 
Ra «» » „ ammeter A, 

Then R^. = § - Ra 

since the ammeter is in series with GL, and E is measured over 
both. 

Ea is usually negligible compared with E^, so that the expression 
for El stands — 



Rl = 



E 
C 



Results.— Tabulate your results thus — 



I. 


II. 


IIL 


IV. 


V. 


VI. 


VII. 


vin. 


Lamp GL. 


0. 


InoreMing C. 


Decreasing 0. 


Remarks. 


E. Rt = Q — Ra 


c. 


E. 


R. = J-R. 




i 
1 











Plot curves showing the relation between Ej, and C for both 
increasing and decreasing currents^ plotting vdues of S as ordinates, 
and of C as abscissae. 

Note. — ^An intentional error frequently made in the laboratory is 
to regard the resistance of voltmeters as so great that their shunting 
effect on a circuit is negligible. The error involved in such a case 
depends on the resistance of the voltmeter and that of the circuit 
shunted by it ; the smaller the ratio of the resistance of the voltmeter 
to that of the circuit so shunted, the greater will be the error. 

In the above experiment the case can be considered from the 
following : — 
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Diagram of Connections. — 



Fia. 54. 

Let Gv ss current through the voltmeter, 
By ss resistance of 3ie voltmeter, 
E ss reading on V, 

ThenCv = |^ 

Also if C = main ouirent indicated on A, 
Ci = current through the lamp 6L, 



Then a = C - 



and if Bi a resistance of lamp GL, 



By 



K, = . 



E 



C- 



E 



103 




So that the results would be tabulated as follows :- 
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I. 


II. 


IIL 


IV. 


V. 


VI. 


VII. 


vni. 


IX. 




Inoreanng C. 


DeocBaamg 0. 


IiMDp 





E 


c. = o-.g 




C 


E 


c. = o-| 


^-l 















And carves plotted for respective values of C,; and Ei, so 
calculated* 

If Bv be neglected, the error involved is clearly equal to — 

X 100 per cent. 






Additional Note.—- In this and some subsequent experiments it 
is required to increase the supply voltage 5 or 10 per cent above normal. 
This can be complied with by using apparatus to be tested whose 
normal voltage is 10 per cent, less than that of the school supply. 
This, however, will generally be impossible, so that where the supply 
voltage is never increased above that of the lamp, the following con- 
venient method is resorted ta Obtain secondary cells sufficient for 
the extra voltage and laige enough to supply the full current 
demanded from the supply, and connect them up in series with the 
supply voltage, i,e. negative end of cells to positive terminal of 
supply; thus — 



III! 



Svnfi/y 



7b A/yuw/ug 



Fio. 55. 



The voltage of the cells is thus added to that of the supply. 
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Results — 



Record of Experiment No. M5. 
Table I. 



I. 


11. 


III. 


IV. 


V. 


VI. 


VII. 


vm. 




Increasing C. 


Deareasing 0. 


Bemarks. 


LampGL. 





E 


B = J-E. 


C 


E 


E = ^-B. 


Eoyal 


0-22 


47 


213-6-00615 


0-585 


107 


183-00615 




Ediswan, 


0-27 


66 


207-8 


0-545 


101 


200 




110 volts, 


0-34 


68 


200 


0-495 


93 


188 




16C.P. 


0-39 


75 


192-5 


0-42 


79 


188 






0-44 


84 


191 


0-38 


75 


197-5 






0-50 


94 


188 


0-31 


63-5 


205 






0-55 


102 


185-5 


0-25 


53 


212 






0-59 


107 


181-5 


0-22 


48 


218 





Table I[. 



I. 


II. 


in. 


IV. 


V. 


VI. 


VII. 


vm. 


TX. 




Increasing G. 


DeoreaaingC. 


Lamp GL. 





E 


c^o-l 


^-^ 
"^-l 





E 


a=o-| 




Eoyal 
Ediflwan, 
110 volts, 

16C.P. 


0-22 
0-395 
0-46 
0-59 


48 

77 

87 

107 


0-2146 
0-3864 
0-4502 
0-5769 


221-8 
199 
193 
186 


0-59 
0-47 
0-36 
0-23 


107 
87 
71 
49 


0-677 
0-460 
0-352 
0-224 


186 
189 
201-8 
218-2 
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Experiment No. M6. — Complete Electrical Tests of 
Incandescent, Carbon, Tantatum, and Osmium Lamps. 

Introduction. — The experiment is to find how the resistance of 
the filaments of carbon and other glow4amps varies with voltage 
applied to them, and indirectly, with temperature. 

Diagram of Connections. — 



iG>-*l± 



I; 



o 



MlC 

. vwwwwwwwwwvwvwwwwt 

HR i. 



1 



Fia. 57. 
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Apparatus required. — 
L = lamp to be tested. 
A ss low-reading ammeter. 
V ess voltmeter. 
MC = movable contacts. 

HE = high resistance across supply mains (at least 50 ohms). 
+ - = source of E.M.F. 
Method. — (1) Connect up as above, placing V across L and A.* 

(2) Place the lamp in the stand, adjust the movable contact, MC, 
so as to obtain a small reading on Y. Note simultaneous values of 
C and V, as indicated on A and V respectively. 

(3) Repeat (2) for gradually increasing values of V up to, but not 
above, a voltage 10 per cent, in excess of normal lamp voltage.f 
Note C and Y in each case, and incidentally the appearance of the 
lamp filament, whether glowing or not. 

(4) Bepeat (2) and (3) for lamps having filaments of different 
materials (tantalum, etc.). 

Results. — Tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. 


VI. 


Description 
of lamp 
tested. 


1 
Volte, V. Current, C. 

1 


Besistance 
of filament 


Watts 

taken by 

lamp = VO. 


Remarks. 












^^ES^"' 



Plot curves showing the relation between the following for each 
lamp tested : — 

(i.) Current and volts, 

(ii.) Sesistance and volts, 

(iii) Watts and volts. 

Plot values of C, E, and watts as ordinates and of volts as 
abscissae. From the curves so obtained write down the resistance of 
current and watts taken by each lamp at its normal voltage. 
Assuming the candle-power stated on the lamp bulb, find the so- 
called " efficiency ''t of each lamp, i.e. watts per C.P., and compare 

* See Experiment M5. t See *' Additional Note/' Experiment No. M5. 

I See paragraph (t) in Experiment M7. 
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these one with the other. State what conclusions you draw from the 
appearance of each curve. 
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I. 


II. 


in. 


IV. 


v. 


VI. 


Desoriptioii 
of lamp 
teated. 


Volte, V. 


CnrteotiO. 


BeButanoe 
of filament 

= B = J 


Watte 

taken br 

lamps Va 


Bemarics. 


Royal 


17-5 


0-057 


307 


10 


Filament just glows. 


Ediflwan, 


29-78 


0-112 


266 


3-33 


Filament cold 


carbon 


34-2 


0-134 


253 


4-52 


= 440 ohms. 


filament. 


48 


0-20 


240 


9-6 




110 volts, 


592 


0-256 


231 


15-15 




16 C.P. 


73-6 


0-326 


225-5 


24-0 




lamp. 


85 


0-38 


223-5 


32-3 






94-5 


0-425 


222-5 


40-1 






100-3 


0-452 


222-5 


45-4 






105 


0-475 


221 


49-8 






108-8 


0-493 


220-5 


53-6 






110-1 


0-4985 


221 


54-75 






111-5 


0-506 


220-5 


56-3 






114-5 


0-52 


220-5 


59-5 






118 


0-536 


220-5 


63-15 




Tantalum 


15 


0-88 


169 


1-32 


Filament visible at 


(Siemens), 


24 


0123 


196 


2-95 


10 volts, glows at 


110 volts, 


35-4 


0-16 


221 


5-65 


13 volts. 


25 C.P. 


47-6 


0-20 


238 


9-52 






59-2 


0-234 


253 


13-85 






70-8 


0-266 


266 


18-83 






85-8 


0-306 


280-5 


26-25 






97 


0-334 


290-5 


32-4 






104 


0-35 


297 


36-4 






107-5 


0-36 


299 


38-7 






110 


0-366 


301 


40-25 






112-5 


0-375 


300 


42-2 






115-3 


0-38 


303-5 


43-8 






116-3 


0-383 


304 


44-5 






118-5 


0-387 


306-5 


45-85 




Osmium 


10-92 


0-07 


156 


0-764 


Glows at 13 volts. 


lamp 


14-72 


0-085 


173 


1-25 


To compare the pro- 


(6.11.0°.), 


19-5 


0103 


189-2 


2 


perties of this 55- 


55 volts, 


24-2 


0-121 


200 


2-93 


volt lamp with the 


25 C.P. 


31-8 


0'143 


223 


4-55 


preceding 110-volt 
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I. 


IL 


m. 


IV. 


V. 


VL 








iBeaittanoe 


Watte 




of lamp 


Volto, V. 


Oiimiit,a 


V 


taken by 


Bemarks. 


tested. 






=*=? 


lampsVO. 




Osmium 


41-6 


0-169 


246 


702 


lamp, all the values 
of V have been 


lamp 


49 


0188 


• 261 


9-2 


(G.KC°.), 


53 


0-197 


269 


10-44 


doubled, and the 


55 volte. 


59 


0-211 


280 


12-44 


values of C have 


25 C.P. 


65-8 


0-226 


291 


14-9 


been halved. This, 




68-8 


0-238 


289 


16-37 


of course, gives the 




76 


0-248 


306 


18-7 


resistance of alio- 




85 


0-267 


316 


22-7 


volt lamp as four 




98 


0-29 


338 


28-4 


times that of the 




106-6 


0-308 


346 


32-8 


55-volt of same 




113 


0-32 


353 


36-1 


C.P. 




121-2 


0-336 


361 


40-8 





TANTALUM 




zo 100 ^:3 



10 so 'f 



O O V 



-10 Ga so 

VOLTS 
Fia. 59. 
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Experiment No. M7. — Behaviour of an Arc-Lamp on 
Continuous Circuit. 

Introduction. — ^The experiment is to investigate the variation 
of current and voltage taken by an arc-lamp supplied by constant 
voltage mains. 
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Diagram of Connections. — 




Apparatus required. — 

AL = arc-lamp. 
ALB = arc-lamp resistance. 

A =r accurate dead-beat ammeter. 
V = „ „ „ voltmeter across lamp. 
Vm = ,. „ „ „ „ mains. 

+ — = supply mains. 

AB s: adjustable resistance. 
DPS = Double pole switch. 

A watch. 
Method. — (1) Weigh each carbon separately. 

(2) Connect up as above, close DPS, and verify the polarity of 
the arc* Let lamp bum for at least 30 minutes, so as to attain 
normal running conditions. 

(3) Arrange AB to be continuously varied so as to maintain 
constant the normal circuit voltage for which the lamp is intended, 
as indicated by Vw. 

(4) With Ym indicating normal lamp voltage, take simultaneous 
readings of V and A, noting the time on the watch. 

(5) Eepeat (3) every half minute for 30 minutes or so, taking 
readings immediately eSter AB has been adjusted to give normal 
running voltaga 

(6) Weigh each carbon when sufficiently cool. 

* The top carbon is generaUy positiye, its end being in the form of a crater. The 
polarity can be tested by switching on for a few seconds ; when switched oif the + carbon 
takes the longer time to cool. 
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n3 



I. 


II. 


in. 


IV. 


V. 


VI. 


Time. 


Time from 
beginning. 


Volta on 
mains, Ym. 


Volts on 
lamp termi- 
nals, V. 


Gunentby 
A,0. 


Remarks. 


h. m. 













Plot the following curves on the same diagram : — 
(i.) Volts on mains and time from beginning, 
(u.) Volts on lamp and time from beginning, 
(ui.) Current through lamp and time from beginning, 
taking time on the abscissae in each case. 

State generally what you conclude from the curves. 
Draw horizontal average-lines for all three quantities ; note that 
average lamp-watts == average V x aver. C ; and that aver, total 
watts = aver. Vm x aver. C. 

From these curves determine the following : — 

(a) normal main voltage, 

(b) aver, volts on lamps, 

(c) aver, current through lamp, 

(d) aver, watts taken by lamp, 

(e) aver, total watts taken by lamp and its resistance, 

(/) aver, apparent ohmic resistance of lamp = -> 

c 

(ff) resistance of ALR in ohms = , 

/3.\ 4.1. 4.- fi «^ver. watts by lamp 
(A) the ratio of aver, total watts ' 
(i) Also find the " efficiency *' of the arc lamp, i.e. the watts per 
candle-power (a better term would be the "inefficiency" of the lamp, 
the "efficiency" obviously being represented, not by watts per 
C.P., but by C.P. watt). 

Also state the rate of consumption of each carbon in grams per 
hour, and from this find the number of hours one pair of carbons wUl 
last under the above conditions of constant voltage. 
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Results— 

Record of Experiment No. M7. 



II. 



Time from 
beginning. 



Every 

half 

minute 



III. 



Volts on 
mains, Yfn. 



110 volts 
constant 
through- 
out 



IV. 



Volts on 
lamp, V. 



99 


5-4 


97 


5-2 


97-5 


6-2 


97 


5-3 


97-6 


5-4 


98 


5-4 


98 


5-3 


98 


6-3 


98 


5-4 


97-5 


5-3 


97 


5-5 


97-5 


5-3 


97 


5-4 


97 


5-35 


97 


5-4 


98 


5-3 


98 


6-2 


97-5 


5-3 


98 


5-2 


98-5 


5-4 


98 


5-5 


98 


5-2 


98-6 


5-3 


98 


5-25 


98 


5-25 


99 


5-4 


98 


5-3 


97 


5-2 


98 


6-2 


98 


5-2 


99 


51 


99 


6-1 


97 


6-2 


98 


5-3 


98 


6-3 



V. 



I 



Current 
byA,0. 



VI. 



Remarks. 



Two open inverted arc lamps 

in series. 
From curve plotted we get 

the following : — 
(a) Total volts «s zzo volts. 
(h) Aver, volts on lamp 

= 977 volts, 
(c) Aver. amps, on lamp 

« 5*29 amps. 
Aver. watts rs 517. 
Aver, total watts 

= 58a-5. 

Aver, apparent ohmic 
resistance s 18*46 ohms. 
Resistance in ALR 

« a*32 ohms. 
Aver, watts by lamp 
Aver, total watts 

= 0-8885. 



(/) 
(9) 

(h) 
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UO 



100 ff 



11. 


III. 


IV. 


V. 


VI. 


Time from 


Volts on 


Volts on 


Current 


Bemarka. 


beginning. ! mains, Vm. 


lamp, V. 


byA,C. 


1 i 98 


5-2 






98 


5-1 






97-5 


5-2 






99 


55 






97-5 


5-3 




; 


97-5 


5-3 




i 


98 


5-4 






97-5 


5-35 




1 


97-5 


6-4 




I 


98 


5-2 






98 


5-3 






98 


5-3 






97 


5-25 






97 


5-3 






98-5 


5-1 








97 


5-3 






99 


5-3 








97 


5-3 






98 

1 


5-25 






;£:::::::ia:s:sK$9|;?„^8:;»::s:KU»»s::»!P^;K^^^ 
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SO s 



eo 4 
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Experiment No. M8. 
Photometric Tests on a Glow or Incandescent Lamp. 

Introduction. — ^The expeiiment is to determine the manner in 
which the horizontal candle-power of a slow lamp varies with voltage 
applied to it. The C.P. is measured by comparison with a source 
of known C.P., preferably having the same colour of light. 

Diagram or Connections. — 




Fia. 68. 

Apparatus required.-^ 
L ss lamp to be tested. 
P s photometer and bench. 
SL s standard lamp, i.e. either a standard source, or preferably 
a glow lamp whose C.P. at a particular voltage — at or 
a1x>ut normal — ^is known accurately. 
A as ammeter reading to one ampere. 
V ss voltmeter reading to 5 per cent, or 10 per cent, above 
normal voltage of L. 
AB = high adjustable resistance. 
+ - = source of E.M.F. up to 5 per cent, or 10 per cent, above 

normal voltage of L. 
•Method. — (1) Make the distance I some convenient length, say 
100 or 200 cms. Fix L and SL in these positions permanently 
throughout the experiment. 

Connect up L as shown, and SL so that the voltage at its terminals^ 
as given by Vg^, is such as to give a known C.P. on SL. This voltage 
is to be maintained exactly the same and constant during each 
determination. 



Digitized by 



Google 



ELECTRICAL ENGINEERING 



117 



(2) Adjust AK until L just glimmers. Move P along the scale 
until a position is found such that on reversing P (if capable of 
reversal) the spot on the screen just disappears. Do this two or 
three times, and finally place P in the average position thus found. 
Measure the distance I, and note it and the readings on A and Y. 

(3) Increase V by 5 or 10 volts by adjusting AE, and after 
verifying the volts on SL, find the new position of V, repeating the 
precautions stated in (2). Note h. A, and Y. 

(4) Repeat (3) for increasing values of V up to about 10 per cent, 
below normal voltage, from whidi point readings should be taken every 
one or two volts up to about 10 per cent, above normal voltage of L.* 
Note in each case the values of h, A, and V. 

The intensity of illumination from a source of light diminishes as 
the square of the distance from that source, so that 
If L = C.P. of lamp L, 
SL = C.P. of standard lamp, 
/ and /i = as above. 

Then, when a balance has been obtained on P — 



L 



SL 

^1^ 



whence L = SL 



(^-^1)" 
h' 



Results. — Tabulate your results thus — 



I. 


II. 


m. 


IV. 


V. 


VI. 


VII. 


vm. 


IX. 


X. 


A, 

amps. 


V. 
▼olts. 


Rollins 
(hot^ 

"A 


Watts 
= AV. 


Dis- 
tance, I 


Dis- 
tanoe,{, 
(mean). 


C.P. 
ofSL. 


C.P. 

ofL. 


Watts 

per C.P. 

watts 

= op: 


Cost per 

C.P. per 

hour for 

power. 























Column X. is calculated from any assumed price of power per 
B.O.T. (say 4d. to 6d,), and is for power only. 

* See ''Additional Note,*' Experiment No. M4. 
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From the results so obtained, plot the following curves to a 
common ordinate line of C,P. of L : — 

(1) L and V. 

(2) L and A. 

(3) L and watts. 

(4) L and watts per C.P. 

(5) L and cost per C.P. per hour. 
Given that — 

C.P. = K.V* 
andCP. = Ki.A"i 

find the values of the constants E, Ei, n and ni. 

State the conclusions you draw from these and the other c\irves. 
Results — 

Becord of Experiment No. M8. 
(Price of current, 4d. per unit.) 



I. 


n. 


IIL 


IV. 


V. 


VL 


vu. 


vin. 


IX 


X. 


A. 

amp*. 


V. 

rolts. 


Bohma 
= A 


Watts 
= AV. 


Dis- 
tance,!. 


Dis- 
tance,!, 
(mean). 


C.P. 

ofSL. 


C.P. 
ofL. 


Watts 
per O.P. 
watts 
- C.P. 


Cost per 

C.P. per 

hour for 

power. 


0-112 

0-198 

0-225 

0-32 

0-40 

0-45 

0-475 

0-49 

0-498 

0-506 

0-518 


30 

50 

60 

75 

90 
100 
105 
108 
110 
111-5 
114 


watts 

268 
252 
248 
234 
225 
222 
221 
221 
221 
221 
220 


24 

36 

45 

49-8 

52-9 

54-8 

56-4 

59 


oma. 
200 

>9 
99 
9> 
99 
99 
9t 


1 No 

Vbal- 
J ance 

148 

128 

109 

105 

101-5 
98-5 
970 
94-2 


16 
16 
16 
16 
16 
16 
16 
16 


2-0 
5-2 
11-1 
13-2 
151 
17 
181 
19 9 


12 
6-92 
405 
3-77 
3-5 
3-23 
3-12 
2-97 


0-048 

0-0277 

00162 

00151 

0014 

0-0129 

0-0125 

00119 
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Candle 
Power 




90 «ofVaf/s 

a Mbr/fs/ttrCP 

•oa Cost fur CP/ier hour (^nence) 



Fig. 64. 



Experiment No. Mg.—Photometric Test of an Arc Lamp. 

Introduction. — ^The purpose of this experiment is to determine 
the distribution of light around an arc light, and from this to find the 
"commercial efficiency" (watts supplied to the whole lamp per 
C.P.), and the " nett optical efficiency " (watts supplied to the arc 
only per C.P.). It will thus be necessary to make the following 
measurements : — 

C.P. in all directions ; 

Current consumed by the lamp ; 

Total volts supplied to the lamp and its resistance, and the volts 
across the arc itself. 

Steps should be taken to ensure that the total volts supplied to 
the lamp can be kept constant throughout the test ; for this purpose 
the source of supply should, if possible, be a battery of accumulators. 
"Wlien the lamp is so fed, an idea of the variation of current and volts 
across the arc itself has already been obtained from a previous 
experiment.* Since the exact relationship of the two voltages is of 
importance, they should be measured by tlie same voltmeter, which 
can be accomplished by the use of a two-way switch, when one 
voltage can be measured immediately after the other. 

In the measurement of the C.P. of the arc numerous difficulties 
present themselves. It will be noticed, for instance, that the arc 
rotates around the edge of the crater in the positive carbon, so that 
the light emitted by the arc on an external fixed surface alternates in 
intensity. For this reason, as well as for those found in the previous 

* ** Behayionr of an Arc Lamp on GontinuooB Circuit." 
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experiment already referred to, a number of rapid measurements of 
the candle-power will have to be made, and the average of these 
taken as the C.P. in that particular direction. To obtain the G.P. 
over a large angle on the vertical plane, the light along those incli- 
nations has to be projected along the axis of the photometer bench. 
To accomplish this, one or other of the following methods has to be 
resorted to: — 

(A) The centre of the arc can be placed on a line with the photo- 

meter and standard source of light, and the various angles 
obtained by tilting the arc. 

(B) The lamp can be suspended from a pulley in the ceiling, and 

by adjusting its height the light at any angle can be 
reflected by a mirror along the axis of the bench. 

Method A involves the use of a special apparatus for tilting the 
lamp, and containing a dial for measuring the tilt, and arrangements 
so that the centre of the arc can be adjusted on the axis of the 
photometer and standard light. Against its use may be urged the 
fact that after tilting through angles of more than 60^ difficulties are 
encountered in the feeding mechaoism, and " bad behaviour " of the 
lamp becomes pronounced. 

Method B is free from this disadvantage, since the lamp is always 
suspended in its normal position, but in using the mirror a connection 
has to be made for that portion of the light absorbed by it in reflect- 
ing. With a good glass mirror this may be assumed to be about 
10 per cent. 

The chief difficulty met with in testing an arc light is that of 
colour and great intensity. The colour of the light is usually very 
white, and for this reason, as pointed out in Experiment M8, the 
colour of the standard light should be as nearly as possible white. 
This can be very nearly attained by using a sub-standard in the form 
of an " overrun " glow lamp, i.e. a 16 O.P. or 32 C.P. glow lamp 
supplied with about 5 per cent, over its normal voltage. From a 
previous calibration of this about this voltage against a standard 
(Experiment M8), its C.P. is known at this higher voltage, and this 
latter can be maintained constant throughout the experiment by 
means of a resistance in its circuit. Finally, with regard to the 
intensity of the light, the lamp has to be placed a considerable 
distance from the photometer screen. This distance is reduced some- 
what by bending the ray as in method B, and can be reduced to 
any extent in both methods by revolving a perforated screen in the 
path of the light to the photometer screen. As, however, this is a 
complication, it is not recommended in this elementary experiment. 
Difficulties of both light and intensity can be greatly reduced by the 
experimenter obtaining balances on the screen by looking at it 
alternately through " signal-red " and "green " coloured glass plates. 
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The particular method described here is method B, although the 
procedure is general for both methods A and B. 
Diagram of Connections.— 




Fio. 65. 

Apparatus required.— 

AL = arc lamp to be tested. 
ALB = arc lamp resistance. 
V = voltmeter. 
A = ammeter. 
AB = adjustable resistance. 
DPS = double-pole switch. 
+ - = source of steady E.M.F. 
M = reflecting mirror. 
PS = photometer screen. 
SL = standard lamp. 
The candle-power of the lamp will be measured in a vertical plane, 
angles being measured from a horizontal plane through the arc^ so 
that a vertical line is 90° from zero, i.e. = 90°. The carbons in 
AL should be carefully adjusted, and the lamp run at normal voltage 
for a short time previous to maMng the test. 

Method.— (1) Connect up as shown, and adjust the voltage on SL 
to the required amount by means of AB. It is best to do Siis only 
whilst readings are being taken, as if this increased voltage is left on 
the lamp, blackening of the bulb will take place, and its C.P. will 
be decreased. 

(2) Lower the lamp until the arc is on a horizontal line with PS 
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and SL. With DPS closed, adjust AB for normal voltage V» on 
SL and its resistance ALB; this is to be kept constant whilst 
measurements are being taken. Adjust the distances d and di until 
a balance is obtained on PS, judging the intensities of light by the 
method described above. Quickly check Ym, and measure C on A, 
and Ya, the volts across the two carbons. Note the distances d and 
di (di only on lamp side because no mirror is used for horizontal 
C.P.). Bepeat this measurement four times; temporarily reduce 
volts on SL. 

(3) Lift the lamp a short distance and adjust M so that rays from 
an angle of about 20° are reflected by it along the axis through PS 
and SL. Make all adjustments (Y^ and SL), and obtain a balance 
by adjusting the position of PS, or SL, or both. Make simultaneous 
measurements of Y^ and C, Y^ remaining constant. Kote the 
distances d, di, and d^, and measure the angle 0. Make this 
measurement four times. 

(4) Bepeat (3) for values of up to 90^ observing the precaution 
of reducing the voltage on SL between measurements, and of taking 
values of Y^ and C simultaneous with the condition of balance. 

Let CP = C.P. of arc lamp, 

SL = CP. of standard lamp, 
Ki, K2 = coeflBcient of reflection of the one or more mirrors 
employed ( = about 0*9), 

Then the actual CP = CP measured x 



Ki X K2 



so that the CP. at fl® from the horizontal will be — 
Results. — ^Tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. 


VI. 


VII. 


vni. 


IX. 


Vm 


\a 


C 


00 


d 


(d,+etc.) 


K,xK, 


CP.of 
ALat 

0O 


Bcmarks. 


















CP.ofSL- 
ParticularB of arc 
laiup 



During the test Y« and C will vary continuously, but they should 
be of approximately the same value for all the measurements made. 



Digitized by 



Google 



ELECTRICAL ENGINEERING 



123 



From the tabulated results above find the average total watts 
taken by the lamp and its resistance = V» x aver. C ; also the 
average watts taken by the arc only = aver. V« x aver. 0. Plot 
the dStribution of C.P. in the form of a polar diagram as follows : — 

Construct a number of concentric circles whose radii represent 
C.P. to scale, 100, 200, etc. From their common centre draw 
faint radial lines at all the angles in the table of results above. 
Step oflf along these lines the corresponding values of C.P., and finally 
draw a curve through all these points. The curve so obtained 
is called the polar diagram of candle-power for the arc lamp. 

Results — 









Kecoed of 


Experiment No. 


M9. 




I. 


II. 


m. 


IV. 


V. 


VI. 


VIL 


vin. 


IX. 
















CP.of 




Vm 


Vo 


c 


9° 


d 


(<J,+eto.) 


K.xK, 


ALat 
9° 


Bemarks. 


110 


80 


5-56 


i 15° 1 
I above/ 


115 


281 


0-8 


120 


C.P. of SL = l6. 
Paxticvilars of arc 


110 


81 


5-6 


f hori- \ 
Izontal/ 


100 


294 


0-8 


160 


lamp Jandus en- 
closed opal globes. 


110 


80-6 


5-6 


15 


85 


306 


0-8 


260 


both inner and 


110 


78-7 


5-5 


30 


66 


382 


0-8 


505 


outer. 


110 


80-3 


5-7 


44 


70 


378 


0-8 


583 


Ki X Ka assumed 


110 


81-2 


5-7 


59 


78 


408 


0-8 


350 


= 0*8 for two 


110 


80-8 


5-58 


74 


90 


109 


0-8 


290 


mirrors. 




Fig. 66. 
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Experiment No. Mio. — The Distribution of Magnetic Field 
about a Straight Conductor carrying a Current. 

Introduction, — ^The object of this experiment is to investigate 
how the magnetic field around a wire canying a current decreases as 
distance fix>m the wire increases. The paxticolar method employed 
to compare the field strengths at the vanons distances is by observa- 
tion of the time of oscUlation of a freely suspended magnet needle of 
short length (say 1 cm.). 
For such a magnet — 

If T as time of a complete oscillation in seconds, 
H ss strength of field in C.G.S.-lines per sq. cm., 
K ss moment of inertia of the needle, 
M ss magnetic moment „ „ 



T-2,^ 


' MH 


from which T* « ^ 




and H =s p 





where o is a constant for the particular magnet used. 

In reality the needle oscillates in the resultant of two fields — 

(1) That of the earth H, 

(2) „ „ conductor Hi. 

The simplest method is to allow the magnet to oscillate in the 
space where these two fields are parallel to each other, in which case 
the resultant or actual field around the needle is Hi + H, or Hi — H, 
according as field of the conductor is in the same cnr in the opposite 
direction at that point to that of the earth. This can be easily 
understood by reference to the two diagrams (a) and (b), in whidi the 
position of the magnet is shown for the two cases above mentioned. 



H<- 




FiQ. 67. 
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If the magnet oscillates in the field Hi + H, its oscillations will 
be more frequent, and its time of oscillation shorter than would be 
the case if oscillation took place in the field Hi — H. This is evident 
from the formula stated above, that — 

T8 - — 
~H 



from which T 00 \/ ^ 



where H in this case is the resultant field. 

In the practice of the experiment the time of oscillation is obtained 
by counting over a short interval of time measured on a stop-clock, 
and it is found practically impossible in this simple method to count 
more than 5 or 6 per second, i.e. to take T to less ^an 0*2 of a second. 
Of the two methods (a) and (b) given above, that giving the greatest 
value of T for a given Hi — method (b) — ^is the one recommended 
here. 

Diagram of Connections. — 




Apparatus required. — 

W = a number of turns, say 10, of wire on a wooden frame 
about 1 metre square. A number of wires are used so 
that a smaller current will sufi&ce to produce a given 
field ; and the frame must be made large so that the fields 
of the other sides of the square do not appreciably affect 
the needle. 
n = small magnetic needle about 1 cm. long freely suspended 
about the middle of one side of the square frame. 
NS as magnetic meridian. . 

A BB ammeter. 
AS s adjustable resistance. 
B s source of constant current. 
S » switch. 

A stop-clock. 
Method.— (1) Suspend n near the frame, and when it comes to 
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rest in the magnetic meridian, mark its north pole. Draw a line 
along the meridian (i.e. parallel to the length of n) on a sheet of 
paper immediately underneath n. Set the plane of W at abont 90° 
to the axis of, and intersecting the centre of, n. 

(2) With S open, give a very slight oscillation to n. By means 
of the stop-dock count the time of 10 complete oscillations ; divide 
by 10 toget T in the earth's field H. 

(3) With the centre of n about 5 cms. from the conductors on W, 
dose S and adjust the direction of the current C so that, on switching 
on, n turns through 180° with its North pole pointing due South. 
This position is so when the length of n is parallel to the line 
previously drawn on the paper underneath. In this ac(justment it 
may be necessary to move the needle slightly out of ti^e plane of 
the coil, but this is of no consequence so long as the adjustment so 
made is not greater than, say, 20° or 30°. Adjust C to about 2 or 3 
amperes for the above dimensions of apparatus, and keep this constant 
throughout the experiment. 

(4) With S still closed, find the time of complete oscillation, Ti, 
of n. Measure the distance d from the centre of the needle to the 
conductors on W. 

(5) With the same value of C, repeat (3) and (4) for increasing 
values of c? up to about 20 cms., taking readings more frequently 
for small values of d and less frequently as d increases. Note the 
corresponding values of Ti and d. 

Then, since H = «^ 
Hi - H = ^ 
so that Hi - H + H = ^-, + ^ 

fiH)m which Hi = C (^^2 + fV ^^ ^^"^ (t^ "*" p) 
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I. 


n. 


III. 


IV. 


V. 


VI. 


vn. 


vin. 




Dis- 
tance, 
d cms. 


Time of complete oscillation 


1 


1 
Tj« 


T,«"*"T« 
represent- 
ing field 
duo to C. 




Current. 
Ca. 


in earth's 
field, H, 
T sees. 


in resultant 

field,H,-H, 

T, sees. 


Remarks. 






1 

! ; 

i ! 









Plot a curve showing the relation between ma + rre ^^^ ^> taking 
values of (2 as absdssse. 

This curve shows how the field due to C falls oflf with distance 
from the conductor. By inspection this curve shows that Hi falls 
off as e? increases, but the exact relation between them is not easily 

seen. Try plotting a curve between values of =-5 + ,-^ and \. 

this curve is a straight line, then Hi oc ^. 

State the conclusions you draw from the results obtained 
Results.— 

Ebcord of Experiment No. MIO. 



-,. If 



I. 


n. 


m. 


IV. 


V. 


VI. 


VII. 


VIU. 




Dis- 
tance, 
dcms. 


Timeof complete oscillation 


1 


1 


represent- 
ing field 
dne to C. 




Current, 
Ca. 


in earth's 
field. H, 
Tsecs. 


in resultant 

field,H,-.H, 

T, sees. 


Bemarks. 


2-7 

>9 


5 
6 

7 

9 

12 


1-9 

» 


11 

1-2 

1-4 

1-64 

1-9 


0-277 


0-826 
0-694 
0-510 
0-334 
0-277 


1-103 

0-971 
0-787 
0-611 
0-554 
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Experiment No. Mix.— Attractive Force of an 
Electro-Magnet. 

Introduction. — ^To find the relation within the limits of the 
experiment between the attraetive force and the current passing 
through the coils of an electro-magnet. 

Diagram of Connections.— 




Apparatus required. — 

EM = electro-magnet. 
Y = yoke of soft iron. 

B = battery or other source of steady current. 
A = ammeter. 
S s switch. 
AB = adjustable resistance. 
SB s spring balance. 
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Method.— (1) Take reading of SB with yoke Y hooked on : call 
this » lbs. 

(2) Choose a sood position for Y on pole-faces of EM, so that it 
lies quite flat, and mark this off on EM. For all subsequent read- 
ings Y must be placed in exactly the same position. With S open 
and Y in position, hook the spring-balance to the ring of Y, hold SB 
vertical and lift gently, noting the exact reading on its scale when 
the magnet suddenly releases its yoke. Do this two or three times, 
and call the reading on SB, P lbs. 

(3) Insert maximum resistance in AR, place Y in position, and 
close S. Carefully note C and the new pull on the spring-balance 
required to release the yoke. 

(4) Slightly increase G by adjusting AR, break circuit, place 
yoke in position, and then close S and repeat (3). 

(6) Repeat for gradually increasing values of C, carefully noting 
in each case the current and the reading on SB. 

(6) Repeat for gradually decreasing values of C, momentarily 
breaking circuit between readings. 

Results. — Tabulate your results thus — 



I. 


n. 


III. 


IV. 


V. 


Initial read- 
ing on SB, 


Readings 
on SB, 
PObB.). 


Attractiye 

force, 
P-.l»(lbfl.). 


Cuirent in 
amps., G. 


Bemarks. 










Ascending. 
Descending. 



Plot curves showing the relation between C and P — ^ for both 
ascending and descendmg values of G, taking values of G as abscissae, 
and of P — jp as ordinates. 

Draw an average curve midway between the two curves^ and 
state what yon conclude from its appearance. 



Digitized by 



Google 



130 LABORATORY WORK IN 

Results.— 

BECOBD or EZPKRIMSNT No. Mil. 



InitM reMl- 
ins on SB, 



U. 



BMtdings 
on SB, 
Pdta.). 



2-5 

13 

15 

51 

83 

76 
108 
118 
135 
141 
136 
128 
109 

83 

45-5 

11-5 
3 



in. 



AttractiTo 
foroe. 



1-5 

12 

14 

50 

82 

75 
107 
117 
134 
140 
135 
127 
108 

82 

44-5 

11-4 
2 



rv. 



Comntin 

MIII«.,C. 



V. 



Bemu-ks. 



Besidoal. 



I Ascending. 



All readings are aver- 
ages of three for 
each current 



Descending. 



Residual. 




Current C (arrets) 
Fio. 71. 
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Experiment No. M12.— Influence of Air-gap on Attractive 
Force of an Electro-Magnet. 

Introduction. — ^To find relation between attractive force of an 
electro-magnet and width of air-gap between pole-face and yoke for 
a given magnetizing current. 

Diagram of Connections. — 




Pio. 72. 

Apparatus required. — 
EM s electro-magnet 

Y =» yoke of soft iron. 

B =5 battery or other source of steady current. 

A ss ammeter. 

S ss switcL 
AB s adjustable resistance. 
SB B spring-balance. 
A number of strips of non-magnetic material (say brass) of 

various thicknesses. 
A micrometer. 

Method.— (1) Take reading of spring-balance with Y hooked on : 
call this p lbs. 

(2) Choose a good position for Y on pole-face of EM, so that it 
lies quite flat. Attach the spring-balance hook to the ring of the 
yoke, and lift vertically until the yoke is suddenly released. Note 
accurately the reading on the spring-balance, say pi lbs. 

(3) Adjust AB to give a convenient current, G amps, and with 
yoke in position, close S. C is to be kept at exactly this value 
throughout the experiment. Find P (lbs.) now required to release 
the yoka Then for no air-gap the attractive force due to current C 
is equal to P — jpi. 

(4) With G unaltered and S still closed, place the thinnest strip 
of brass flat on the pole-faces, then the yoke carefully on top. Find 
P (lbs.) to detach the yoke ; then the actual attraction due to the 
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current C is found by subtracting p from this and all subsequent 
readings. Note (P ^p) lbs. and the thickness of the brass strip 
(air-gap). 

^6) Bepeat (4), with 8 unopened, for various increasing widths 
of air-gap, noting (P — p) in eacb case, and t the width of air-gap. 

(6) Bepeat m for decreasing air-saps. 

Results. — Tabulate your results ttius— 



I. 


u. 


m. 


IV. 


V. 


VI. 


vn. 


Weight 


Initial 
Pi aba.). 


PnU, 
PObB.). 


Attraotiye 

force, 
P-pObB.). 


Cnnent, 
0(ampfc). 


Width of 


Bemarks. 

















Draw a curve showing the relation between attractive force P — jp 
and width of air-gap t, plotting t as abscissae and P — |) as ordinates. 
State what you conclude from the experiment. 
Results.— 

Secord of Experiment No. M12. 



I. 


II. 


III. 


IV. 


V. VL 


VII. 


Weight 
of yoke, 
pOb».). 


Initial 

poll. 

P, Ob*). 


Pun, 

P(lbB.> 


Attraotive 
force, 

f-pOI*). 


Onrrent, 

C(Bllip8.). 


Width of 


Bemarkfl. 


1- 

J 


25 

} 
t 
> 
> 
> 
> 
it 


1-75 

If 

» 

>f 
99 

f> 


1-75 
86 
38 
31 
13 
10 

6-25 

4 

1-6 


82 
36 
29 
11-25 

8-25 

5 

2-25 


0-5 
0-5 
0-6 
0-5 
0-5 
0-5 
0-5 
0-5 


0-35 

0-62 

0-85 

1-35 

1-65 

2-48 

8'4 

6-44 


All readings 
are averages 
of three for 
each corrent. 
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Fia. 73. 



Experiment No. Mis. — Experiments on an Electro-magnet. 

Introduction. -^ The attractive power of an electro-magnet 
depends on two factors : (a) the indaction of lines B ; (b) the area 
of contact between its pole-faces and the armature A. 

If B =r the number of G.G.S. lines passing through every square 
centimetre of contact surface between poles and 
armature, 
and A = the area of contact in squaxe centimetres. 



Then P = 



B^A 



where P ss pull on armature in dynes. 
So that P in grams will be — 

B«. A 



P=: 



981 X Stt 



This experiment is to show that P oc B', and the method adopted 
is to take advantage of the fact that B can be measured by the throws 
of a btdlistic galvanometer * needle attached to a coil enclosing the 
lines of force passing from the magnet to the armature. 

• The ihedry of the halUatic galvanometer is not given here; it wiU be found 
in any good text-book: it is suiBoient at this stage for the student to assume the 
law stated above. Neither the theory nor the dimensions of the particular galva- 
nometer employed is necessary in conducting the experiment. 
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Diagram of Connections.— 



^ 



■ Jj'' ^L UI' i'l. 




Apparatus required.— 
EM ss electro-magnet. 

A s ammeter. 
V£ ss variable resistance. 
Y a= yoke or armature. 
ES = reversing switch. 

B s source of constant-current supply. 
BG s= ballistic galvanometer. 

£ s= resistance. 
GC SB galvanometer coil. 

K Bs damping key. 
Spring-balance or other apparatus to measure pull on armature. 
Method. — (1) Connect up as above, taking care to insert £ 
(about 1000 ohms) in series with BG. In placing the armature each 
time, observe the precautions enumerated in (2) Experiment Mil. 

(2) Make a preliminary test to find the oest value of £, so that 
the tlux)w is on the scale with C of the maximum value likely to be 
attained in the experiment : this £ must be kept constant throughout; 

(3) Insert maximum resistance in Yfi, break BG circuit, and, 
after closing main switch, reverse a few times by £S, finally leaving 
in say left-hand position with current switched on. Attach the 
spring-balance to the yoke, and find the pull necessary to release Y, 
observing the precaution of steady vertical lifting. Note P. 

(4) Break main circuit (not reverse), and replace Y in as nearly 
as possible the same position it had formerly ; then close the circuit. 
It is of great importance that the position of Y and the current 
indicated on A should be the same as before. 
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(5) Close the BO circuit, and read the " zero " position of the spot. 
Carefully watch this spot, and suddenly reverse Uie main current by 
SS. The spot suddenly moves over the scale, and then oscillates about 
its original position. Its maximum movement from zero position is 
called the throw, and this must be carefully noted. The spot is 
brought to rest by short-circuiting B6 by means of K» 

(6) Open E and break EG circuit. Then decrease YB, thereby 
increasing C, and repeat operations (3), (4), and (5), taking particular 
care to reverse the main current about ten times before finally leaving 
it switched on in the same direction as in (2). 

(7) Repeat for various values of C, noting values of P and throw 
in each case. 

Results. — ^Tabulate your results thus — 



I. 


II. 


ni. 


IV. 


(for reference 
only). 


Pull, P. 


Throw on B.G. 


Bemarks. 






1 

1 

i 



Plot a curve showing the relation between P and throws on BG, 
which latter represent the inductions B, taking values of P as 
ordinates, and of throw for abscissso. 

The curve follows the general law — 

P = K.B», 

where K and n are constants. 

Find the value of n, which, according to the formula, should be 2. 



Experiment No. M 14.— Experiments on an Electro- 
Magnet. 

Introduction. — In the previous experiment it is stated that the 
pull of an electro-majgnet on its yoke is proportional to the square 
of the induction multiplied by the area of contact, or that P oc B^ . A. 
The object of this experiment is to prove that P oc A. 

This is accomplished by using magnet*cores of the same material 
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but of vanouB areas of cross-section, and finding the pull on a soft- 
iron yoke when the coils are supplied with the same magnetizing 
force or ampere-turns per centimetre, in which case it may be taken 
that B is approximately the same in all yokes. If each pair of coils 
is wound with the same number of turns, the magnetizing force, and 
therefore B, will be the same in each magnet-core for the same 
current. 

Diagram of Connections. — 




Fm. 75. 

Apparatus required.— 
EM s electro-magnet. 
Y s= yoke of soft iron. 

B ss battery or other source of steady current. 
A ss ammeter. 
S s= switch. 
A£ 8s adjustable resistance. 
SB a spring-balance. 

Also similarly shaped electro-magnets, but of various areas of 

cross-section, with correspon£ng yokes; all of the same 

material. Note: In each magnet the cross-section is the same 

as the pole-face. 

Method.--(l) Connect up the smallest magnet as above, and, 

after measuring its pole-face area ai, place its yoke (of the same 

sectional area ai) in its exact central position. With C = 0, find the 

initial force p\ to lift the yoke off the magnet. 

(2) Close the main circuit and find Pi for increasing values of 
C (Experiment No. Mil), carefully observing all the precautions 
there enumerated. Then tiie actual attraction is Pi— jpi. 

(3) Repeat (2) for the next larger sized magnet, finding the relation 
between C and Pa— jpa, when p^ is the new initial pull for the larger 
core of the same area of cross-section as the magnet, as. 

(4) Repeat (3) for larger sizes. 
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In each case yokes of the same area of cross-section as the magnet- 
core should be used, and the initial pulls, jpi, p^i etc., found on open 
circuit. 

Results. — ^Tabulate your results thus — 



I. 


n. 


m. 


IV. 


V. 


VI. 


Area, A. 


Initial pull, 


Total puU, 
P. 


Attraction, 
P-l>. 


Gnrrrent (or 
ainp.-tum«),0. 


BemarkB. 















On the same diagram plot curves for each area^ showing the 
relation between C and P— j?. 

Erect ordinates at about six values of C to cut all curves : the 
intersections give values of V—p for each area for the same C or 
induction B. From the values so obtained make a table as 
follows : — 



L 


IL 


Ill, 


IV. 


Current (or amp.- 
tuma), 0. 


Area, A. 


Attraction,? -p. 


Remarks. 











From these values plot curves for each of the values of C^ 
showing the relation between A and attraction P — p. 
If these are straight lines, then P oc A. 
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Experiment No. M 15.— Measurement of Magnetic 
Permeability — Thompson's Penneameter. 

Introduction. — ^In a previous experiment it has been stated that 
the attractive force between two surfaces having an induction B lines 
per sq. cm. is — 

^^ Sir 

where P » attraction in dynes, 

A 8B area of contact in sq. cms. 
That this is so has been verified by Experiments M13 (P 00 B^) 
and M14 (P oc A). If the attractive power of a number of substances 
of the same size and under the same conditions of magnetizine force 
be compared with each other, results will be obtained whidi wUl 
represent in some measure their relative magnetic quality or permea- 
biuty. Pftifessor S. P. Thompson has devised an instrument, called 
the penneameter, for such work. The results obtained are, of course, 
only approximate, but the comparison can be made quickly and with 
sufficient accuracy to justify the use of the method for workshop 
measurements. From the above formula — 

Pmgrams = g^^gg^, 

from which B = y/5X^LK?. 

If P be measured in lbs., and A in sq, inches then clearly — 



H r^. on nw« . /^^ ^ ^^l X 453P 

B per sq. cm. « V" a x 2'54« ' 
from which B = ^3^7\/ ? 

where B = lines per sq. cm., 

P sa pull in lbs., 

A ss area of contact in sq. inches. 
The instrument is a special form of electro-magnet, designed so 
that the exact conditions of surface contact, etc., can be repeated with 
a number of specimens, thus ensuring that the results iinll be com- 
parative with the same magnetizing current. 
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Fig. 76. 

Apparatus required. — 

TP = permeameter. 
I =s iron specimen. 
b = source of steady current. 
A = ammeter. 
AB = adjustable resistance. 
KS, S = reversing switch and switch. 
Specimen bars of difTerent irons. 
Method.— (i;) Place the first specimen bar I carefully in position. 
Close S, and diminish the magnetizing current C as indicated on A, 
gradually to zero value. Whilst this is being done,lrever8e the direc- 
tion of continuously by rocking ES, taking care to make a large 
number of rapid reversals as approaches zero. These operations 
should eliminate all traces of residual magnetism in the bar I. Adjust 
AR so that A indicates a small current (say O'Ol to 0*1 amp.). 
With S still closed, reverse a number of times by RS, finally leaving 
it in a direction which must be the same for each measurement. 

(2) Attach SB to the hook of the specimen I, and, observing all 
the precautions enumerated in Experiments Mil and M12, find the 
mean value of a number of pulls required to overcome the attraction 
between the specimen and IP. Note the values of and P. 

(3) Increase C slightly by adjustment of AR, and repeat (2), 
taking care to have C in the same direction as (2) after a number of 
reversals. Note the mean value of P from a number of tests, and 
the corresponding value of C. ,^ r 
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(4) Bepeat for incroaaing values of C until no further, or only a 
very slight, increase of P taikes place. Note P and C in each case, 
taking large increments of C towards the end of the test Make in 
all a^ut twentv tests. 

(5) Bepeat for the other specimen bars. 



Comparison of Induction B and Permeability fi. 

Let L as length of magnetizing coil on TP, 
S S3 number of turns of wire on the coil, 
C 8 current through the coil (amps.), 



Then H 



4ir C^ 
10* L 



where H s magnetizing force producing the induction B. 



For the particular permeameter employed, the term ^n 
constant quantity. 

So that H = K . C, 

4t S 



4ir S 



where K = 



10 L^ 



, and is found from the permeameter coil. 



IS a 



The area of the bar is found by direct measurement, and the value 
of the permeability /a is found from — 

B 



Results.— Tabulate your results thus — 



I. 


II. 


m. 


IV. 


V. 


VI. 


vn. 


vm. 


Area of 

oontaot, 

Asq. ini. 


GonBtant, 
K. 


Foroe, 

HrrKA. 


Gnrrent, 
Gamps. 


Mean 


Indnotion, 
Bper 

sq. om. 


Pennea- 
biUt.. 


Bemarks. 








1 ! 
1 ! 

i 

1 ! 


Partion. 

laraof 

specimen. 



Digitizegl by 



Google 



ELECTRICAL ENGINEERING 141 

In the table, A is given in sq. inches, and P in lbs., because 
\ spring*balance is usua" 
found from the formula — 

B = X3i7>/| • 



the spring*balance is usually graduated to read lbs. ; so that B is 
' adf 



Plot a curve for each specimen, showing the relation between 
HandB. 

Also plot a curve for each specimen, showing the relation between 
B and/ti. 



Experiment No. Mz6.— Hysteresis Tests — Ewing's 

Tester. 

Introduction. — ^This method forms a quick and convenient 
method of comparing the hysteresis of a sample of iron with that of 
a standard specimen. When a piece of iron is subjected to a rapidly 
varying flux, corresponding changes of magnetization take place in the 
iron specimen, and these changes of magnetization "lag behind" 
the magnetizing force, due to the tendency of the iron to persist in 
the magnetic state previously acquired. This tendency of ''lagging 
behind ** is called " magnetic hysteresis," and the greater the tendency 
to lag behind, the greater the hysteresis of the spedmen. If, then, a 
piece of iron be rotated between the poles of a magnet, an unbalanced 
force will be set up between the. two, and the greater the hysteresis 
of the sample the greater will be the unbalanced force. This principle 
has been applied by Professor Ewing, in his instrument for comparing 
the hysteresis of samples of iron. The samples are made of five or six 
stamped pieces 3 inches long, | inch wide, and about 1 mm. thick. 
These are rotated between the poles of a swinging permanent magnet, 
which is deflected from the vertical, causing a pomter to move over 
a scale, the deflections on which represent the hysteresis of the 
specimen. 

* ThiB iB a ralBciently socmate fommla. Really, B = lS17^v a "^ ^ becaiue 
the ooil remaining fixed, the pnU is that due to B — H lines. 
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Diagram of Connections. — 

Sc 



>>***H***H^ 




I- 



hysteresis tester. 



Fio. 77. 

Apparatus required.— 

PM 8= permanent magnet 
p 5= pointer 
Sc a scale 

h s handle to rotate SI 
SI 8= specimen of iron. 
Method. — (1) Set the instrument facing towards magnetic north 
and south. Let the knife-edge of the magnet down on its agate 
bearing, and adjust the balance nuts so that the pointer swings to 
a zero position about the middle of the scale. Then raise the 
magnet off its bearings. Turn the carrier into a horizontal position, 
and fix one of the standard bundles of strips by means of the clamps 
and ebonite plate, taking care to push all the strips up against the 
stop at one end, so that all the. ends are flush. 

(2) Turn the handle slowly, and, while the specimen is turning, 
let the magnet gently down on its bearings. Note the scale-reading 
on one side, wMle the handle is being rotated just fast enough to 
give a steady reading. Then reverse the rotation, and take the read- 
ing on the other side. Then either the average or the sum of these 
two readings represents the hysteresis of the specimen. 
(S) Bepeat for the other standard specimen provided. 
(4) Bepeat for the specimen to be tested. 
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I. 


n. 


m. 


IV. 


V. 


Spedmen No. and 


Deflections. 


Remarks. 


Desoriptioii. 


Bight. 


Left. 


Sum. 













To compare the hysteresis of the specimen tested, plot the value 
of the known hysteresis and deflection of each of the two standard 
specimens provided. The hysteresis of each is given for a B of 4000, 
and the curve can be plotted directly. 

Join the two points so obtained by a straight line. Then, since 
the hysteresis of the specimen is proportional to its deflection (the 
instrument is calibrated so), the hysteresis of the specimen tested is 
found by referring to its deflection on the curve. 

State the hysteresis of the specimen in — 
ergs, per c.cm. per double reversal, and 
watts per lb. at 100 ^ 
Both these are given for the standard specimens for B s 4000 
per sq^. cm. 

To find the relative hysteresis for any other induction, the follow- 
ing table of factors can be used — 



Indnction B per iq. em. 


Belative Mnonnto of hystereoii 


2000 


0-33 


2500 


0-47 


3000 


0-63 


4000 


100 


5000 


1-41 


6000 


1-89 


7000 


2-41 


8000 


300 



State how the above table is obtained. 
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Bkcobd of Experiment No. M16. 



Standard apedmens, five piecea each Z" X f " stampinga. 

Standards for B s 4000 per sq. cm. 

Na 1056. Hysteresis loss : ergs per ccm. per dbl. reversal = 770 

„ „ watts per lb. at 100 ^ . » 0*45 

No. 2056 ,, ergs per c.cm. per dbL reversal a= 1600 

„ „ watts per lb. at 100 /-^ . = 095 

Results. — 



I. 


IL 


m. 


IV. 


V. 


Specimen No. and 


Defleotioiis. 


Boaarks. 


DeMriptkm. 


Bight. 


Left. 


Sank 


Standard No. 2056 
Standard No. 1056 
Test-pieces 


62 
36 
46 


58 
33 
43 


120 
69 
89 
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Fio. 78. 

From the above curve it is seen that the test-piece with deflection 
89 has hysteresis loss » 0*65 watts per lb. per 100 ^ . 
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Experiment No. M17.— Experiment on an Electric Bell. 

Introduction. — ^The experiment is to find — 

(a) The least current required to ring an electric bell when the 
hammer and contact screw are adjusted to what may be termed 
" normal working position." 

(h) The effect of position of armature on the current passing 
through the bell and the volts at its terminals ^as measured by an 
ammeter and voltmeter in the circuit). An electnc bell is essentially 
an apparatus using intermittent current, the circuit beiQg auto- 
matically made and broken by the bell itself. Thus the readings 
on the ammeter and voltmeter are '' time averages " of currents and 
volts respectively. 

(c) llie effect of position of armature on the " apparent " ohmmic 
resistance of and watts taken by the bell, as calculated from (b). 

Diagram of Connections. — 




Fig. 79. 

Apparatus required.— 

EB a electric bell. 
B = battery of two Leclanch^ ceUs. 
A = low reading ammeter, dead beat. 
V = low reading voltmeter, dead beat. 
S = switch. 
CS = contact screw of bell. 
H = hammer and armature of belL 
Method. — (1) Make connections as in diagram, close circuit 
momentarily to see that A and V are reading on their scales. 

(2) dose S, and adjust CS so that the hammer strikes the gong 
with what is, in the opinion of the experimenter, the frequency 
giving the best tone, etc., for the particular bell employed. This will, 
of course, be a matter of judgment only. 

(3) Insert an adjustable resistance of about 50 ohms in the main 
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circuit, and decrease the current until the hammer only just oscillates. 
Note this current. 

(4) Bepeat (3) by inserting all the resistance and then increasing 
the current until the hammer again only just oscillates. Note this 
current. 

The mean of these two values of G is the minimum current to 
ring the bell with the armature in its normal position, and might 
be termed the " figure of merit " of the bell. 

(5) Disconnect the adjustable resistance and connect up the 
circuit as in the dii^ram. Advance the screw CS towards H so that 
the frequency of the strike increases ; advance it to such a position 
that the hammer fust ceases to strike. Do this two or three times 
so as to get the proper position, and when this has been obtained, 
and with S still closed, measure C and V. 

(6) Bepeat (5) by screwing CS too far and then away from H, 
and so get C and V again. The average C and V of (5) and (6) are 
the values of current and volts required. 

(7) Adyust CS accurately to the position found in (5) and (6). 
Rotate it away horn H by exactly half a revolution (as shown by 
the slot in the screw head or by a wire through it). With S still 
closed, take readings of C and volts E. 

(8) Rotate another half-revolution and again note C and E. 

(9) Repeat (8) until oscillation ceases. 
Results. — Tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. 


VI. 


TurnB 
from in- 
side stop 
position. 


Current, 
G(amp8.). 


Volts, E. 


Apparent 
resistance, 
R (ohms). 


Watts. 


Remarks. 












•* Figure of merit" 
= amp. 
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On the same diagram plot curves showing the relation between 
turns and C^ E, B, and watts. Also draw a curve showing the 
relation between C and E. State generally what conclusions you 
draw from the curves. 



Results- 



Eecord of Experiment No. M17. 



I. 


II. 


UI. 


IV. 


V. 


VI. 


Toms 
fromin- 
aide »top 
position. 


Current, 
C(»mp*> 


Yolta, E. 


Apparent 
R (ohin8> 


WattB. 


Bemarks. 





0-2 


1-58 


7-9 


0-316 


"Figure of merit" 


5 


016 


1-72 


10-8 


0-275 


= 0-05 amps. 


1 


0-144 


1-93 


13-4 


0-273 




1-5 


0133 


1-9 


14-3 


0-253 




2 


0-105 


2 


19 


0-21 




2-5 


0-103 


2-1 


20-4 


0-216 




3 










Out of range. 



utok /T r' / 

'4 X> Z'O 20 



•J /s r9 75 



'2 10 /^ 'g> 



7 & '5 to 








Jfa of Turns 



^^ 



Fio. 80. 
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Experiment No. M 18.— Experiments on Fuses.— Relation 
between Fusing Current and Diameter. 

Introduction.— To find the relation between faring CTirrent and 
diameter of wires of various metals. The experiment is to be 
performed witii wires connected horizontally, and whose length is 
large compared with their diameters (all say 15 cms. long), so that 
the cooling efiTect of the terminals may be reduced to a minimum. 
(See Experiments M19 and M20.) 

Diagram of Connections.— 




^.-,-l^ 



Fio. 81. 

Apparatus required.— 
Fssftise. 
FS e fuse-stand, having hard-wood tilting back with slots 
for terminals. 
TBi, TBa = terminal blocks. 
A SB ammeter. 
AB ss adjustable 20 amp. resistance (fine adjustment). 
B c= source of steady E.M.F. 
S s= switch. 
A micrometer measuring to O'Ol mm. 

Sets of at least four undamaged wires of various diameters 

and in different metals, say, copper (tinned and untinned), 

aluminium, and lead. 

Method. — (1) Fit up as in figure, adjusting the stand so that 

its face is horizontal, and TBi and TBg so that the length I is not 

less than 15 cms. 

(2) Commence with the copper wires : choose the largest, measure 
its diameter accurately, and connect it between the blocks TBi and 
TBs. Care should be taken in this operation so that the wire is 
undamaged and lies slack, not tight, between the terminals. Close 
S9 and decrease AB slowly unt^ the wire glows red-hot. Now 
increase C very slowly, one observer watching A and the other AB 
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and F, Note the fusing current and the behaviour of the fuse when 
" blown," and the appearance of the broken ends, etc. 

(3) Bepeat (2) for the remaining diameter of copper wire, noting 
carefully in each case to increase c very slowly near melting point. 
Note C and d in each case. 

(4) Eepeat (2) and (3) for each series, noting all the above points 
in each case. 

Results. — ^Tabulate your results thus — 



I. 


n. 


m. 


IV. 


V. 


Diameter of wire 
in mms. 


Fosing current, 
0(ainpfl.). 


Length and 

environment 

effuse. 


Material. 


Remarks. 






j (unturned) 










) Copper 
j (tinned) 










Aluminium 










JTin 










JLead 





On the same diagram plot curves showing the relation between 
C and d for each metal, taking values of (2 as abscissae and of C for 
ordinates. 

State generally what conclusions you derive from the curves 
obtained. 

Assuming that the law for each curve is of the order — 

C = m . d" + K 
find the values of m and n for each material.* 

* See Chap. L, *' The Graphical Bepresentation of Experimental Results." 
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Results— 

Secord of Experiment No. M18. 



I. 


n. 


III. 


IV. 


V. 


Diameter of wire 
inmiDB. 


Fusing current, 
0(«np..). 


Length and 
enTironinent 

OffllM. 


Material. 


Bemarin. 


21S.W.G.{2|}3 


65 

54 


Open to air, 
length 


Untinned 
copper 


All wires 
cleaned. 


23S.W.G.{J:6} 


38 
37 


B 15 cms. 






2«;swg/°'50S 

Z5b.W.G.|(j5Q3 


28-5 
28-5 








28S.W.G.{2|76 


18 
18-5 








33S.W.G.{J|54 


10-6 
10-5 








0-813 


54 


Do. 


Tinned 


All WINS 


0-813 


54 




copper 


deemed. 


0-61 


37 








0-61 


37 








0-508 


29 








0-508 


28 








0-376 


18-5 








0-376 


18 








0-813 


9 


Do. 


Tin wire 


All wires 


0-813 


8-5 






cleaned. 


0-56 


6 








0-56 


5-5 








0-41 


4 








0-41 


4 








1-6 


1-8 








1-6 


1-8 
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a A' 

Fig. 82. 



Experiment No. M19. — Experiments on Fuses. — Relation 
between Fusing Current and Diameter of Wires in 
different Positions. 

Introduction. — This experiment is to show the effect of position 
of a fuse exposed to the atmosphere on its fusing current. The 
current required to melt a fuse is greater the greater the cooling effect 
of the atmosphere surrounding it. By far the greater part of the 
heat developed in a fuse is carried away by the air immediately in 
contact with it being heated, thus rising due to expansion and making 
room for colder air to take its place. Thus there is formed a con- 
tinuous stream of cool air, brushing against the surface of the wire, 
and rising practically vertically, taking the heat away by convection 
currents. If the wire is horizontal, tMs cooling effect is greater than 
if the same wire were placed vertically upright ; since in the former 
case heat is given up to cool air over the whole length of fuse, 
whereas in the latter case air warmed by the lower portion of the 
wire rises vertically all along the wire, and being already warm does 
not receive as much additional heat as cool air would. Thus, with 
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the same current passing through, the wire will attain a higher 
temperature when placed vertii^y, and will therefore require a 
smaller current to fuse it. For any other position of the wire the 
fusing current will be between the above two limits. 
Diagram of Connections. — 




I 



faga — Ws i-= Baa 



ar: 



jf.......^ 



Fio. 83. 

Apparatus required. — 
F = fuse. 
FS = fuse-stand. 
TBi, TBs = terminal blocks. 
A as ammeter. 
AB s adjustable 20 amp. resistance (fine adjustment). 
B = source of steady E.M.F. 
S =s switch* 
A micrometer measuring to 0*01 mm. 

Undamaged wires of the same metal, and of various diameters. 
Method.— (1) Fit up the apparatus as in the figure, placing the 
fuse horizontally, and using a length of about 15 cms. 

(2) Close S and slowly increase the current up to fusing point. 
Carefully note C for two tests, and measure the diameter of the wire. 
In all operations carefully observe aU the precautions enumerated in 
the method of experiment M18. 

(3) Bepeat (2) for the whole range of wires of different diameters, 
making two observations for each, and noting values of C and d. 

(4) Bepeat (1), (2), and (3) with the wires placed vertical. 

(5) Bepeat with die wires inclined at an angle of 45°. 
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»53 



1. II. 


III. 


IV. 


V. 


Diameter of 
wire in mms. 


Fusing current, 
0(ami».). 


Position and enyixon- 
ment of fuse. 


Material. 


Bemarks. 






1 Horiaontal 










1 Vertical 










(inclined at 45° 




' 



On the same diagram plot curves showing the relation between 
C and A for each of the positions above, plotting values of as 
ordinates, and of e2 as abscissae. 

From the carves find approximately the amount by which the 
fusing current is increased by changing from the vertical position to 
45^, and to horizontal. 

Results— 

Becobd of Experiment No. Ml 9. 



I. 


u. 


m. 


IV. 


V, 


Diameter of 
wireinmnw. 


FiuingeatMiit, 
C (ampa.). 


Podtkm and euTiioa- 
mentoffnae. 


Material. 


Bemarks. 


0-61 
0-508 
0-376 
0-254 


37 
28-5 
18 
10-5 


■ Horizontal 


Tinaed 
copper 




0-61 
0-508 
0-376 
0-254 


35 
27 
17 
10 


■Vertical 


Do. 




0-61 
0-508 
0-376 
0-254 


36 
28 
17-5 
10-5 


■Inolinedat45° 


Do. 
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■■■:: 



I?:: 



i":H:::»::»:»nK?"88«8»i»isi»:^ 




DicuneNr cf (nvna) 
Fig. 84. 



Experiment No. Mao. — Experiments on Puses, — Relation 
between Fusing Current and Length of Fuse. 

Introduction. — If a heated metal wire is supported by metal 
terminals, the wire is cooled somewhat by conduction of heat from 
it to the meted of the terminals. This cooling effect is greater the 
larger the terminals and the closer they are together, i,e. the shorter 
the wire. The experiment is to show the efiect on the fusing current 
of having a short wire fastened to large terminals. 

Diagram of Connectibns. — 




Fig. 85. 
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Apparatus required. — 
F = fuse. 
FS B fuse-stancL 
TBi, TB2 = terminal blocks (each about 4 ozs.). 
A = ammeter. 
AB s adjustable 20 amp. resistance (fine adjustment). 
B = source of steady E.M.F. 
S as switch. 
A micrometer measuring to "01 mm. 

Undamaged wires of the same metal and of the same diameter. 
Method.— (1) Fit up as in figure, the fuse being horizontal, and 
I adjusted to about 15 cm. 

(2) Find the fusing current for this fuse with the longest length. 
Note and /. 

(3) Beduce I by about 2 cms., and use a new piece of the same 
wire. Note C and I. 

(4) Bepeat for about six values of I, noting in each case the 
values of C and I accurately, and, as far as possible, following the 
same procedure in each test. 

Results. — Tabulate your results thus — 



I. 


II. 


III. 


IV. 


Length of fuse, 


Fusing current, 
(ampe.). 


Particulars of fuse 
wire. 


Belnarks. 






Horiiontal. 

Diameter = mms. 

MetaL 


Size, etc., of terminals. 



Plot a curve showing the relation between fusing current C and 
length of fuse I, plotting values of Z as abscissae and of C as 
ordinates. 

State your conclusions drawn from the curves. 
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Results — 



Record of Experiment No. M20. 



II. 



m. 



IV. 



Length of foae, FmiiigeaReiit, 


PMtionUra of fuM 


RenuMrks 


Kem..). 


C(amp*). 


wue. 




15 


10-5 


Tinned copper. 


Terminals, brass, 


15 


10-5 




500 gms. weight each. 


13 


10-5 


HorizontaL 




13 


10-6 






10 


10-9 


Diameter = 0*254 




10 


10-8 


mms. 




7 


11 






7 


111 






4 


11-8 






4 


11-8 






2 


16 






2 


16 







::"":il»;;»::;»!niHn!SKnimi i 




Ficu 86. 
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Introduction. — If the strength of the magnetic field about a 
conductor be altered, or if a conductor be moved through a magnetic 
field, au E.M.F. is indttced in that conductor. If this conductor be 
connected so as to form a complete circuit, a current will be set up 
due to the E.M.F induced, and the direction of this current, accord- 
ing to Lenz*s law, is such that the magnetic field set up by it opposes 
the variation in the original field. The direction of this induced 
current is then obviously diflferent for the two cases of an iDcreased 
and a decreased field, and Lenz*s law holds in both cases. A varia- 
tion in the strength of the magnetic field can be accomplished either 
by the motion of a permanent magnet, or by the alteration in the 
field of a neighbouring current-carrying-conductor. This experiment 
is to follow both these methods, and to verify Lenz's law from the 
results so obtained. 

A. Motion of a Magnet. 

Diagram of Connections. — 



(Of 




Fig. 87. 



Apparatus required. — 

P = conductor (say a coil of wire on a bobbin open in the centre). 
M s long magnet. 

y ss low-reading voltmeter (swinging coil, with right and left 
hand scales). 
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Method.— (1) Place the ooil P away from the influence of any 
external fields, and connect up as shown with M some distance away. 

(2) Suddenly plunge the N. pole of M into one end of the coU, 
as shown in position b, and hold it in that position. Note the 
amount and the direction of the momentary deflection S on Y. 
Note the behaviour of Y when the magnet is held stationary in the 
position b. 

(3) Suddenly withdraw M out of P into the position e. Again 
note tiie amount and direction of the momentary deflection S^ Bepeat 
(2) and (3) a number of times, inserting and withdrawing M at 
various speeds ; tabulate the values and directions of corresponding 
values of S and Si, and state how S is afiidcted by the rate of 
moving M. 

(4) Test Y with a battery, and so find the direction of the induced 
current in P for each of the above operations. 

Results. — Show that the results obtained verify Lenz's law, viz. 
that the current induced in P in both cases opposes the motion of the 
magnet M. 

B. Alteration of Field in a neighbouring Conductor. 
Diagram of Connections, — 




Apparatus required. — 

P, Y = as befora 

S = coil to insert in P. 

iscelL 

K » key. 

p = plug. 

B = resistance in parallel with p^ 
Method.— (1) With K open, insert coil S in the middle of coil 
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P, and insert plug^ to short-circuit resistance E. Close K and note 
the momentary deflection S on Y in amount and direction. Note that 
V is undeflected whilst K remains closed. 

(2) Open K, and note Si in value and direction. Bepeat a 
number of times, and tabulate the results obtained. 

(3) Unplug^ and close K, and repeat fl)and (2) by plugging and 
unplugging 'p, and show that the induced E.M.F. in P is less for a 
small variation of the field in it. 

(4) Eepeat operations (1), (2), and (3) with a core of annealed 
iron wires inserted in S, and show that the magnetic field is greatly 
increased thereby. 

State all the conclusions drawn from the experiments. 



Experiment No. M22. — Measurement of Field, Armature, 
Brush, and Contact Resistances. 

Introduction. — The method here employed is that known as the 
indirect method, and consists simply in measuring the volts drop in 
the resistance, tested when a known current is passed through it, the 
resistance being then calculated by Ohm's laws. The method is the 
usual test-room method for resistances over 005 ohms ; for resist- 
ances below this it is not sufficiently accurate. 

A. Field Resistance. — The resistance of the copper wire of the 
field winding depends on its temperature being greater at a highelr 
temperature (i.e. after the machine has been running) than at a lower 
temperature — such, for instance, as it has after standing with unex- 
cited field.* In making a resistance measurement, therefore, the 
temperature of the windmg at the time should be stated. Owing to 
the impossibility of accurately finding the average temperature of the 
wire by means of a thermometer, it is obviously best to make the 
measurement with the coils at the same temperature as the room, 
i.e. after the machine has been standing for at least six hours. Also, 
since in the method a current of about the same value as the normal 
field current is used, it is necessary, in order that the coils should not 
be heated, to make tlie measurement as quickly as possible consistent 
with accuracy of measurement of C and E. 

These remarks apply also to all measurements of resistance in the 
machine. 

* See Experiment No. M3 (Variation of B. with Temperature). 
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Diagram of Connections.—- 



^vwwwww 




Fu. 88. 

Apparatus required. — 

F SB field-winding of machine. 
A at accurate ammeter. 
V as accurate voltmeter. 
AB 8B adjustable resistance (such as shunt regulator). 
B » source of supply. 
S s switch. 

K as key in voltmeter circuit. 
Method.— (1) Connect up as shown, taking care to raise the 
brushes from the commutator, and to leave S and E open. 

(2) Insert all the resistance in AB, close 8, then E; take the read- 
ings of A and V ; open K, and thm S.* 

(3) Take a number of simultaneous readings of C and £ for 
various values of obtained by acyustdng AB, taking care not to heat 
up the coils by leaving the current switdied on. 

Results — Tabulate your results thus :— 



I. 


II. 


IIL 


IV. 


Gnrrent through 
field, Co. 


Voltage drop, 
E Tolte. 


BesiBtanoe of field 


Bemarks. 











Find the average value of B,. 

* It is of great importaiice to obflenre thia order of procedure, as with a field haying 
high self-induotion, the indnoed current on breaking B, may damage V if K is left closed. 
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B. Armature, Brush, and Contact Resistances. 
Introduction. — ^The resistance encountered by a current in the 
armature portion includes the following : — 

(a) The resistance of the armature windings. 
(J) „ „ „ brush contacts. 

(c) „ „ „ brushes. 

(d) „ „ „ leads from the brushes to the 

machine terminals. 

In the following measurement it is required to find the value of 
each of these factors for various armature currents. The most satis- 
factory method is to measure the voltage drop over portion a, then 
a + h, a + b + c, and, lastly, a + h + c + d, and so from these find 
the resistances ra, r« + 6, ra + 5 + c, r«+6+c+d. 

Diagram of Connections. — 



<A/WWW\/W\A> 




Apparatus required. — 
Arm. s= armature. 

A = ammeter to carry full load current. 
V = voltmeter (low reading). 
B = source of current. 
AB = adjustable resistance. 
S as switch. 
Method.— {1) Bed down the brushes properly, and then rotate 
the armature through a few revolutions to ensure good brush contact, 
afterwards bringing it to rest 

(2) Adjust AB for a small current and close S. Note the current 
C, which must be of exactly the same value for all four measure- 
ments a, h, e, and d. 

(3) Make contact with the voltmeter wires on the ends of the 
commutator bars in contact with the brushes, and read Ya. Next, 

M 
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lay them lightly on to the brushes about one-half a cm. from the 
brodi contact with the commutator and read Yb. This measurement 
is the most important of all, and great care should be taken to lay the 
voltmeter wires as lightly as possible (consistent with a connection) 
on the brush tips, so as not to alter the character of the contact by 
the least amount. In the same manner measure Y« between the 
joint of the main lead and brush. And, finally, measure Y4 between 
the machine terminals. 

(4) Increase C by adjusting AB, and repeat the measurements of 
Y«, Yft, Ye, and Y^, carefully observing the above precautions and 
noting their respective values. 

Results. — Tabulate your results thus — 



I. 


n. 


m. 


IV. 


V. 


VI. 


vn. 


vm. 


IX. 


X. 


Car- 
rent, 
Ga 


YoltagM. 


»-—(-?) 


Bemarks. 


v« 


V* 


V, 


V4 


Ba 


B« 


R« 


K* 























Plot corresponding values of C and Bo, Bb, Be, and Bd on the same 
diagram, taking values of B as ordinates and of C as abscissae. 

State what conclusions may be drawn from these curves, and 
state the values of B armature, B contact, B brushes, and B leads. 

Also, given that the probable rise of temperature of the armature 
and conductors is 50^ C, find the following vcdues firom the volts and 
ampdres stated on the machine : — 

i. Total resistance of armature at full load. 

ii. Total watts lost in armature at full load due to ohmic 
resistance. 

ui Toted lost volts in armature at full load due to ohmic 
resistance. 
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Beoobd of Experiment No. M22. 

(Machine tested — ^Morley 2 KW shunt.) 

A. — Field Resistance. 



163 



I. 


n. 


m. 


IV. 


Current throQffh 
field, Ca. 


Voltage drop, 
E volts. 


Besistanco of field, 
Br = ^ ohma. 


Bemarks. 


0-826 
1-07 
1-394 
1-70 


106-2 
138-1 
180-3 
219-5 


128-5 
129-0 
129-3 
1290 

Aver, = 129-0 


Morley shunt machine, 
about 2 KW* 



B. — Armature^ Brush, arid Contact Resistances. 



I. 


II. 


IIL 


IV. 


V. 


VI. 


VII. 


VIII. 


IX. 


X. 


Cur- 
rent, 


Voltages. 


Besiatanoes (*= ^Y 


Bemarks. 


















Ca 


v„ 


v» 


v» 


V4 


Ba 


B> 


B. 


Bi 




1-15 


1-85 


215 


Same 


2-19 


1-61 


1-87 


Same 


1-90 


Same . 


2-2 


3-5 


3-98 


as 


4-02 


1-59 


1-81 


as 


1-83 


machine 


3-3 


5-28 


5-91 


v». 


6-97 


1-60 


1-79 


E». 


1-81 


as above. 


4-42 


705 


7-86 




7-83 


1-695 


1-78 




1-796 




6-8 


10-88 


121 




12-25 


1-6 


1-78 




1-8 
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Fig. 91. 



Experiment No. M23. — Temperature Measurements on a 

Machine. 

Introduction. — One of the most important points to investigate 
in a machine is the temperature elevation of the different portions 
when running under a load. The sources of the heat produced in a 
machine are numerous. In the field-magnet coils the rise in tempera- 
ture is caused by the watts lost due to the resistance of the winding ; 
but in the armature a number of effects contribute to heat the 
machine. With a modem machine the chief cause is the ohmmic 
resistance encountered by the current in the armature conductors. 
Another source of heat, although to a much less extent, is the pro- 
duction of eddy currents in t£e mass of the armature; these are 
formed in the iron stampings, etc., and are simply very low voltage 
currents, produced in virtue of the armature mass itself being a con- 
ductor cutting lines of force. Tbeir path is made as small as possible 
by laminating the armature, so that the currents have a path of re- 
latively large resistance presented to their flow. The strength of 
these €Kidy currents is therefore reduced, and since the heat produced 
is proportional to G^B, the heat produced is much further reduced. 
Heat is also produced by friction of the brushes on the commutator 
surface and in the bearings, the former giving rise to an overheated 
commutator and the latter to hot bearings. 
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The heat produced by the C% loss in the field coils and armature 
conductors depends on the load, whilst that due to eddy currents 
and friction is practically the same at all loads. The latter (friction) 
can be reduced by suitable adjustment of the brushes and lubrication 
of the bearings. 

There are two methods in vogue of measuring the temperature 
rise in machines : — 

A. Directly by a mercury thermometer. 

B. Indirectly by measurement of the alteration of resistance of 
the conductors diemselves, or of a special small coil of platinum wire. 

For method A the thermometer bulb should be small, and should 
be wrapped in a small piece of thin tinfoil, placed on the apparatus, 
and then covered by cotton-wool to prevent loss of heat from the 
bulb by radiation. This is the simplest method of measuring the 
rise of temperature ; it has, however, a great disadvantage. The tem- 
perature of an armature is not uniform throughout, being less at the 
outside surface than at any other part. Moreover, the relation 
between the temperatures of the different parts of a machine varies 
considerably with the design, so that a temperature measured on an 
external layer of the armature or field-winding gives no accurate idea 
of the temperatures in other portions of the same member. The 
following rises of temperature were obtained from a 10 KW motor 
immediately after running for two hours on full load : — 

Armature /°"^™^^^ temperature (bottom of slots) ... 44° C. 

\minimum temperature (end connections) ... 35° C. 

Field coils /^^^^^^^ temperature (layer next to core) . . . 50° C. 

\minimum temperature (outer layer) ... 36° C. 

The temperatures 44° C. and 50° C. were obtained by inserting the 
thermometer bulb in holes specially drilled in the armature and field 
respectively. 

Method B — the indirect method — ^is the method most generally 
employed, and is that explained hera The method consists in find- 
ing the resistance of the conductors before and after heating up, and 
from their increase in resistance calculating the average rise in 
temperature in the material of the conductors. 

Let Bo ss. resistance of winding at 0° C, 
Bt = „ „ T° C, 

Then B, = B© (1 + a T) 

where a (average 0"* - 100^ 0.) is 000428 for copper.* a is rightly 
the amount of its resistance at 0° C., by which a conductor varies for 

* See Experiment M8 and Table Y., Appendix II. 
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each degree C. variaidon in temperature. Generally, the initial 
temperature of the condactors is over 0^ C, i.e. the temperature of its 
surroundings. 

Let Ti a initial temperature of winding, 
Bti b n resistance ,, 

Then K,, = Eo(l + aTi), 
and Ex = Pm<1 + al), 



(^1 - l) 

l£2_J = 234(-^^-i) (« = 000428) 



from which we get Ti = = ^yA-^ 

80 that T - Ti = 234( ^ ~ ^■) . 

But Eo = =-?V 
1 + all 

Substituting this value for Bg in above, we get — 

/Rx — Rti\ 



rise of temperatnte » T - Ti 



V I + at, / 



An approximate expression used in practice 

This gives the average rise in temperature in terms of initial and 
final resistance, and initial temperature of the machine, which is that 
of the room, and is taken by a thermometer. 

The method here described is that which would be followed in 
what may be termed a " workshop test" by method B ; method A is 
also given so that the results may be compared. 

Diagram of Connections. — ^As for previous experiment. 

Apparatus required. — ^As for previous experiment. Also add 
two or three accurate thermometers, thin tinfoil, cotton-wool. 

Method. — (1) With the machine at room temprature, measure 
field and armature resistances (see previous experiment). ISTote. — 
The temperature of the connections of the armature other than the 
windings themselves has only a small change during the test, so 
that we consider only the resistance at the commutator. 
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(2) Start the machine on full load, which must be maintained 
approximately constant throughout. 

(3) At intervals of 15 minutes stop the machine and measure all 
the resistances as quickly as possible, consistent with accuracy. 
When this is done, start the machine immediately on full load 
again. 

(4) Repeat (3) for about two hours, allowing no stoppage for 
measurements of longer than two minutes. After stopping the 
machine, wrap each thermometer bulb in a Uttle tinfoil, place one 
on the field winding, one on the armature surface, and one on the 
<5ammutator surface, cover each bulb with a small pad of cotton- wool, 
and after two or three minutes note the temperature. 

From the formula above, viz. — 



Rise in degrees C = 250^ ^J" ^ ' ^ 



find the rise of temperature after a quarter-hour, half-hour, etc., up 
to two hours. 

Results. — Tabulate your results thus — 



I. 


II. 


III. 


IV. 


V. 


VI. 


Initial 
temperature, 


Initial 
resistance, 
Bt, ohms. 


Time from 
start, t. 


Besistanoe 
at T^ 0., 
Bt ohms. 


Biseof 
temperature, 
(T-T,)°0. 


Bemarks. 












Armature 

Field 

Positions of ther- 
mometers and 
readings 



Plot curves showing the relation between rise of temperature and 
time for both armature and field. 

Also, compare the temperatures given by the thermometers with 
the temperatures calculated above. State what conclusions you 
draw from the curves. 
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Results— 



Record of Experiment No. M23. 
(Machine tested— Morley 2 KW Shunt) 



I. 


n. 


ni. 


IV. 


V. 


VI. 


Initial 


InitU 


Timeftom 
start 


Beaiitanoe 


Biseof 




te»|«gu«. 


ledBtanoe, 


at T<» 0., 


tempeiatore, 


Bemarks. 


Bnohma. 


Btohma. 


(T - T{f C. 








honn. 


obma. 


"0. 




15" C. 


2-08 








— _ 


Armatare. 






i 


218 


19 








h 


2-27 


31-5 








1 


2-35 


37 








1 


2-41 


44 








li 


2-45 


48 








14 


2-485 


52 








i| 


2-5 


54 








2 


2-51 


55 




15° C. 


129 


_ 






Meld. 






i 


140 


21 








h 


146 


34 








i 


151 


43 








1 


153 


47-5 








li 


156 


53 








1* 


157 


55-5 








li 


158 


59 








2 


158-5 


60-5 





Note. — The student who made the above experiment assumed 
a = 0*004, from which he obtained the expression — 

/Rt " Rt1\ 



Rise of temperature = 



^1 + aTi/ 



This corresponds to an approximate formula — 

Else = 265( ^^ ^ y C. 

The values given in column V. above are therefore about 6 per 
cent, higher than they should be. 
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Fio. 92. 

Experiment No. M24. — The Shunt Dynamo: No-Load 
Characteristic with Separate Excitation. 

Introduction. — This experiment is to find how the E.M.F. of a 
dynamo varies with the current supplied to its field, the speed of the 
machine being maintained constant throughout Since the machine 
supplies practically no current, the E.M.F. generated in its armature 
will be that indicated by a voltmeter connected across its terminals. 
The dynamo to be tested is driven by a motor having a regulating 
resistance in its field so that the speed can be maintained constant 
throughout. 

In such a dynamo the E.M.F., E, of the armature is given by the 
equation — 

60.108 *_p/ 

where Z = number of armature conductors (useful), 
n = E.P.M., 

ISr ss total fiux through the armature, 
jp = number oi pairs of poles, 
^1= number oi pairs of parallel circuits in the armature. 
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For the machine tested the factors Z, p, pi^ and if the speed is 
maintained constant n alsO| are constant tbfonghout the experiment, 
so that— 

E = K.N. 

where E is some constant. 

From this it is seen that the relation between the excitmg 
cnrrent and E also represents the relation between the exciting 
current and the total flux produced by the field ampere turns, i.e. 
the curve between Cg and E represents the " Magnetisation Curve " 
of the machine. 

Diagram of Connections. — 



Motor Sidb 




Dynamo Testtq 

HWWWW\A>-n 

F 




Fio. 98. 

Apparatus required. — 

M, D = armatures of motor and dynamo respectively. 
F, F = fields. 
FB, F£ =s field resistances. 
SB, £ a starter and resistance for motor. 
V = voltmeter on dynamo armature. 
+ — s= source of supply to motor. 
As = ammeter in dynamo field. 
B =s source of steady current to dynamo field. 
DPS, S s switches on motor and dynamo. 
A tachometer. 
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Method. — (1) With S open start the machine, and by means of 
FR on the motor adjust to normal speed ; place the brushes of the 
dynamo in the neutral position. Note the volts indicated on V. 
This E.M.F. is due to the armature rotating in the residual field of 
the machine, and is called the " residual voltage." 

(2) Adjust FR on D for a small exciting voltage and current Cg ; 
close S. Adjust the speed to normal, and note the value of E on V 
and of Cg on Ag. 

(3) Without opening S increase Cg, adjust to speed, and note 
values of Cg and E. 

(4) Repeat (3) for increasing values of Cg up to about 50 per 
cent, above nomml exciting current (if voltage of B is sufficient). 
Note corresponding values of Cg and E. 

(5) Wititiout opening S, repeat (3) and (4) for decreasing values 
of Cg. Finally, open S and again measure the residual voltage. 

Note. — It often happens that the motor cannot be arranged to 
give the normal speed of the dynamo, in which case the values of E 
taken alone will have to be corrected. From the formula stated 
above it is seen that E is directly in proportion to n — the R.P.M. 
Hence if— 

n = normal speed, 

Til = actual speed. 

El = actual volts measured on V, 



Then E = Ei 



n 
— > 

ni 



where E is the correct voltage at speed n. 
Results.— Tabulate your results thus- 



I. 


U. 


III. 


IV. 


V. 


VI. 


Ezoiting 
onrrent, Cg. 


Terminal 
voltage, El. 


Aotnal 
E.P.M.,n,. 


Normal 
R.P.M., w. 


Corrected 
voltage, E. 


Semarkfl. 












ABoendiDg 
values of 0^. 

Descending 
values of Cg. 



Plot a curve showing the relation between E and both ascending 
and descending values of C., plotting values of E as ordinates. 
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Explain why these curves do not coincide. Draw the average 
curve of the two ; then this average curve is the magnetisation curve 
of the machine. 

Results— 



Kegobd of Experiment No. M24. 
(Machine tested — Morley 2 KW shunt.) 



I. 


n. 


m. 


IV. 


V. 


VI. 


Exoiting 
onrrentiO^ 


Tenninal 
TolUge, E,. 


Actual 
B.P.M.. n,. 


Nonnal 
E.P.M., n. 


Correeted 
voltage, B. 


Bemarks. 


0-22 

0-40 

0-64 

0-83 

1 

1-14 

1-32 

1-48 

1-7 


40-4 
76-3 

110 

137-4 

162 

177-6 

190 

196-8 

232 


1720 
1730 
1730 
1680 
1700 
1700 
1640 
1600 
1760 


1700 

>} 

>» 

>} 

n 
}» 


40 

72-3 
108-2 
139 
162 
177-6 
197 
209 
224-5 


Ascending 
" values of 

Cs. 


1-32 

113 

1 

0-77 

0-53 

0-3 


200 
183-2 
169 
132-4 

96 

572 


1700 
1740 
1750 
1700 
1700 
1760 


it 
i> 


200 
179 
164-2 
132-4 

96 

55-3 


Descending 
values of 
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o 's ^o yj fl« 

Shuri?. CurrmtCA (am/ts) 

Fig. 94. 



Experiment No. M25. — The Shunt Dynamo : No-Load 
Characteristic with Constant Excitation. 

Introduction. — ^This experiment is to find how the E.M.F. of 
an unloaded machine varies with its speed, the excitation remaining 
constant. The machine tested is driven by an auxiliary motor, whose 
speed can be varied within wide limits, from 20 per cent, up to 
120 per cent, normal speed, or even more for a small machine. 



Digitized by 



Google 



174 LABORATORY WORK IN 

Diagram of Connections.— 
Motor Side 




Oynamq Tesreo 

F 




Lc0j 




Fig. 95. 

Apparatus required. — 
M, D = armatures of motor and dynamo respectively. 
F, F = fields 
FR, PR = field regulators 
SR, R s starter and resistance for motor. 
As ss ammeter in dynamo field. 
V = voltmeter on dynamo armature. 
+ — = source of motor supply. 
B = source of constant current. 
DPS, S « switches. 

Tachometer. 
Method. — (1) With dynamo field circuit open, run motor at a 
low speed ; note R.P.M. and voltage indicated on Y. Increase the 
speed, and take the new value of E indicated on V. Repeat for 
increasing values of R.P.M. up to about 25 per cent, above normal, 
taking four or five sets of readings in all. These values of E are 
residual voltages at their respective speeds. 

(2) Close S, and adjust the shunt current indicated on A to about 
25 per cent, normal exciting current, and keep this constant for 
this series of readings. Repeat (1) for increasing speeds, noting 
corresponding values of R.P.M. and E in each case. 

(3) Increase Ci to 0*5 normal, momentarily break circuit by S, 
and repeat. 
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(4) Repeat for values of Cg 0'75, 1, and 1*25 normal, keeping these 
values constant throughout their series, and noting accurately 
corresponding values of E and R.P.M. 

Results.— Tabulate your results thus— 



I. 


II. . 


III. 


IV. 


Exeitiiig oarrent, 0.. 


E.M.P., E. 


Speed, B.P.M. 


Bemarkd. 











Plot curves showing the relation between E and R.P.M. for each 
value of exciting current, taking values of E as ordinates and of speed 
as abscissae. 

State what you conclude from the shape of these curves. 



Results — 



Record of Expebiment No. M25. 
(Machine tested — Morley 2 KW shunt.) 



I. 


U, 


m. 


I. 


n. 


m. 


Exciting 
or ihoni 
oanent 






Exdtiag 






Voltage, V. 


Speed, B.P.M. 


orahnat 
current 


Voltage, V. 


Speed, B.P.M. 


0.. 






c.. 






amp. 


Tolts. 




amp. 


TOltS. 







0-45 


420 


1-2 


45 


410 





0-65 


600 


1-2 


64 


580 





0-86 


785 


1-2 


110 


1000 





1-4 


1300 


1-2 


174 


1580 





1-75 


1620 


1-2 


220 


1800 





2 


1840 
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Eecord of ExPBMBfENT No. M25—c(mtimied. 



I. 


II. 


m. 


1. 


II. 


III. 


Exciting 






Exoiting 






or ■hnnt 


Voltoge, V. 


Speed, BJ>.M. 


or ahnnt 
onrrent 


Voltage, y. 


Speed, B.P.M. 


C. 






C: 






amp. 


Tolto. 




amp. 


▼olta. 




0-3 


14-6 


490 


1-5 


62 


480 


0-3 


21 


690 


1-5 


108 


850 


0-3 


24-5 


800 


1-5 


226 


1800 


0-3 


30-5 


990 








0-3 


47-5 


1530 








0-3 


57 


1850 








0-9 


47 


635 


0-6 


38 


650 


0-9 


58 


665 


0-6 


66-4 


1120 


0-9 


87 


990 


0-6 


106-4 


1780 


0-9 


109 


1240 








0-9 


140 


1600 








0-9 


155 


1780 









^cnon 




:::: 


:xp: 


:::t: 


M ^J 1 1 ■■ + lyf i WlHflUf- + 


: 
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Experiment No. M26.— The Shunt Motor. No-Load : 
Characteristic. — Shunt Current and Speed. 

Introduction.— The object is to find how the speed of a shunt 
motor varies with the shunt current, the machine being unloaded. In 
a previous experiment (M24) it was stated that the E.M.F. of a djmamo 
was given by the equations — 

^ "" 60 X 108 ^1' 

where Z = number of armature conductors (useful), 

n = RP.M., 

N ss total flow through the armature, 

p = number ot pairs of poles, 

pi =s number ot pairs of parallel circuits in the armature. 
In the motor under test the load and the E.M.F. of the motor are 
practically constant, so that we can write — 

E. 60. 108 Pi 

^ = — m— • p' 

In this expression the factors Z, p, pi, and E (above) are constant, 
so that — 

K 

where K is some constant. 

Also, N is some function of the exciting or shunt current Cs, 
so that 

ncci. 

From this it is seen that if Cg is decreased the speed of the motor 
is increased, and vice versA; if the shunt current is reduced to zero 
theoretically, the armature would attain an infinite speed. The 
inference to be drawn from this is obvious — never attempt to start a 
motor without first ensuring that a strong field is provided. 



N 
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Diagram of Connections. — 




m 



Fio. 97. 

Apparatus required.— 

M as armature of motor. 
F = field of motor. 
FB a field resistance. 
SB <B starting resistance. 
Ag « ammeter in shnnt. 
V as voltmeter on armature. 
DPS ss double pole switch. 
+ — as source of steady supply. 
A tachometer. 
Method. — (1) With SB open, close DPS, and by cutting out all 
the resistance in FB, supply the field with maximum excitation. 
Place the brushes in the neutral position, and start the motor by SB 
until y indicates that the armature is supplied with its normal 
voltage. Note the speed n and the exciting current Cg. In taking n, 
find the average of a number of^ say 3, readings. 

(2) Decrease FB, thus slightly increasing Cg; when the machine 
has attained a steady speed, note the new vcdues of Cs and n. 

(3) Bepeat (2) over a large range of C. until the maximum allow- 
able speed is obtained on the motor. For ordinary armatures of good 
mechwioal construction the maximum allowable peripheral speed of 
the armature surface is about 80 feet per second. To find the maxi- 
mum allowable BPM — 

Let D ss diameter of armature in feet, 
n =3 maximum allowable BPM, 
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Then ^=80 



so that n = -^RPM (approximately) 

(4) Repeat for increasing values of Og, carefully noting correspond- 
ing values of Cs and n. 

Results. — Tabulate your results thus : — 



I. 


n. 


in. 


IV. 


Volts on ftrmatare, 
E. 


Exciting canent, 


Speed fi.P.M., 
n. 


Remarks. 








Gg decreasing. 
Og increasing. 



Plot two curves between Cs and n for decreasing and increasing 
values of Cs, taking values of ti as ordinates. 

These curves will not exactly coincide, being similar in this respect 
to those obtained in Experiment M24 Plot the average curve, and 
state what conclusions can be drawn from it. 



Results— 



Record, of Experiment No. M26. 
(Machine tested — Morley 2 KW shunt.) 



I. 


II. 


III. 


IV. 


Volts on armatore, 
E. 


Ezdtiiije onrrent. 


Speed B.P.M., 
n. 


Bemarka. 


220 


1-69 


1630 




» 


1-63 


1655 






» 


1-58 


1675 






if 


1-49 
1-4 


1710 
1750 


Cg decreasing. 


i 


, 


1-3 


1810 




J 


f 


1-2 


1900 




J 


y 


11 


2000 
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KioeiUnq Carrent Cs 

Fig. 98. 
Experiment No. M27.— Potential Curve of a Dynamo. 

Introduction. — K a study be made of an ordinary armature in 
which all the conductors on either side of the brushes are in series, 
and the two sections in parallel with one another, it will be found 
that all the conductors connected in series add their E.M.F.'s together 
to give that of the machine. Consider the following simple ring 
armature, in which half the total conductors are in parallel with the 
other half: — 




Fici. 99. 
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Wires 2, 3, 4« 5, and 6 are all nnder the influence of the north 
pole ; they have therefore all their E.M.F/s induced away from the 
reader (g), and it is seen that all their E.M.F/8 are added together 
so that the E.M.F. between the brushes Bi and B2 is equal to their 
sum. Similarly wires 8, 9, 10, 11, and 12 are under the influence of 
the south pole, and all their E.M.F/S are induced in a direction 
towards the reader 0. All are added together to give the total 
E.M.F. between Bi and Ba. Thus the two halves of the armature are 
in parallel, and produce an E.M.F. which makes B2 positive and Bi 
negative. In an actual machine, the small E.M.F/s induced in the 
various conductors are not of the same value, because, since all are 
moving at exactly the same speed, each small E.M.F. is proportional 
to the field it is passing through at the time ; and this fidd is not 
uniform over the whole armature surface. The actual manner in 
which the separate conductors contribute to the total E.M.F. is of 
great importance, since their respective amounts afford an indication 
of the strength of field in their respective positions. 

This experiment is to find how the E.M.F. between the two brushes 
Bi and B2 is built up by the conductors between them, and the 
method employed is to measure the potential difference between 
1 and 2, 1 and 3, 1 and 4, etc., until, finally, the full E.M.F. is given 
between 1 and 7. The difference between two consecutive readings 
gives the E.M.F induced in the last included conductor, e.g. 1 and 2 
gives El, 1 and 3 gives E2; then the EJ1I.F. contributed by con- 
ductor 3 is clearly Ea — Ei, and Eg — Ei represents the strength of 
field it is passing through. By subtracting these consecutive read- 
ings of E, values are obtained representing the strength of field at the 
different points under the pole faces ; and if these values are plotted 
vertically at regular intervals representing commutator segments, the 
resulting curve represents the " field distribution." Values of Ei, Ea, 
etc.,jplotted similarly, give the " potential curve " of the machine. 

Diagram of Connections. — 




Fia. 100. 
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Apparatus required. — 

A dynamo which can be run by a motor at constant 
speed, and provided with a shunt regulator, so that 
the main voltage indicated on E can be maintained 
constant. 
C ss commutator of dynamo tested. 
Bi, Ba s= brushes „ „ 

V = testing voltmeter. 

I ss auxiliary brush so arranged that it can be placed on con- 
secutive commutator bars. 
Method. — (1) Bun the machine up to normal speed; adjust Bi and 
B9 to the neutral position, and adjust the field current to give normal 
voltage on £. These conditions must be maintained throughout 

(2) Connect up Y and place & at a distance of one commutator 
bar away from Bi. Note the voltage Ei given on Y, and the number 
of commutator bars between h and Bi. 

(3) Move b over another commutator segment away from Bi and 
repeat.* 

(4) Repeat until i is on B9, when Y indicates the full voltage. 
Note in each case the E.M.F. E and the number of commutator bars 
over which it is taken. 

Results. — Tabulate your results thus — 



I. 


n. 


m. 


IV. 


Y. 


VI. 


Speed, 
B.P.M. 


B^iX 


VoltBge on y, K 


Gonunutotor 

bars, 
B, to 6 = n. 


Increments 
of E per com- 
mutator bar 
(from curve). 


Bemarka. 















Plot a " potential curve " between values of E and Column I Y., 
taking values of E for ordinates. 

Plot a " field distribution curve " between values in Column Y. 
and Column lY. 

(Note that values in Column Y. are taken from the "potential 
curve.") 

Draw the probable position of the pole face above this curve, and 
state your conclusions from the experiment. 

* It may be necessary to stop the machine momentarily to get the correct position 
for & as n increases. Care should be taken not to alter the shunt current, and to obtain 
the correct B.P.M. again. 
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Record of Experiment No. M27. 
(Machine tested — Morley 2 KW shunt.) 



183 



I. 


n. 


in. 


IV. 


V. 


VI. 


Speed, 
B.P.M. 


Itf:. 


Voltage on V, E. 


Commntator 

ban, 
B, to b = n. 


Inorements 
ofEpercom- 
mntator bar 
(frum curve <. 


Bemarka. 


1700 


183 








' 







9} 


» 


1-5 


1-5 


4 


1-5 






»» 


>» 


6 


6 


6 


4-5 






M 


>> 


15 


21 


8 


15 






» 


t) 


50 


45 


10 


24 






}> 


ff 


72 


72 


12 


27 






}> 


» 


99 


99 


14 


27 






}f 


}> 


125 


127 


16 


28 






*f 


„ 


156 


155 


18 


28 






> 


>i 


175 


175 


20 


20 






} 


H 


185 


185 


22 


10 






) 


if 


183 


183 


24 


-2 


Brusb. 








from 














curve 
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Fig. 102. 



Experiment No. M28. — Magnetic Measurements on a 

Dynamo. 

Introduction. — In a dynamo a certain portion of the field pro- 
duced in the magnetizing coils is lost, and does not pass through the 
armature core. The amount of this "leakage" or "stray" depends 
on the type, size, and form of the machine, and will, for a given 
machine, be greater with a greater induction. The ratio of the total 
number of Unes produced by the field to those passing usefuUy 
through the armature is called the "stray coefficient;" this stray 
coefficient will, of course, always be greater than unity. The object 
of this experiment is to find tiie value of the stray coefficient of a 
machine under full or normal excitation. The method here employed 
is based upon the fact that an E.M.F. is induced in coil by any varia- 
tion of the field it encloses, and this E.M.F. is equal in amount to 
the " rate of change of field " and number of turns in the coil. If, 
therefore, a coil be wound to enclose any portion of the magnetic 
circuit of the machine, and a sudden small alteration be made in the 
strength of that field, a momentary E.M.F. will be generated in the 
coil which can be utilized to deflect a voltmeter. IF the same coil, 
or a second coil having the same number of turns, be wound to 
enclose another portion of the same magnetic circuit, then an E.M.F. 
will be induced in this also, and the ratio of this E.M.F. to that of 
the first coil represents the ratio of the alteration of field in them, 
other conditions being the same in both cases. Further, if these two 
coils be connected through a very low-reading anuneter so that their 
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KM.F/S El, and E3 oppose each other, the ammeter will deflect 
if El is not equal to I^. If the ammeter is undisturbed when the 
magnetic field through both is suddenly changed, then Ei = E2. 
This result can be attained by adjusting die number of turns in the 
coils until on altering the field no deflection is seen on the ammeter 
when El = E2. 

Let Ni = change in the number of lines through coil 1, 

-^2 ^ » » >i » ^9 

Si = number of turns in coil 1, 
Sa = „ „ « 2, 

Then, since Ei = rate of change of lines in coil 1, 

■*^2 ^ >» » » >> ^f 

Ni .Si Na . Sa 
where t s= time of change of field ; 

so that nI=s1* 

If the change in field is small so that the stray coefficient is un- 
altered (note remark above, that the stray coefficient is less for lower 
and greater for higher inductions), the values Ni and Na represent 
the total flux through their respective coils; so that if coil 1 em- 
braced the armature, and coil 2 a field coil, the stray coefficient is 
given by — 

Na ^^ S, 

This differential method is due to Groldschmidt, and is the easiest 
way of obtaining the coefficient of a machine. 
Diagram of Connections. — 
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Apparatus required.— 

Sb Ss a two coils, the number of turns of one of which can be 

varied, say Si. 
+ - » source of steady KM.F. sufficient to give normal excita- 
tion to field. 
p a plug-switch for suddenly inserting resistance r. 
A as milliameter. 
K =5 key in circuit of A. 
FS = main field circuit switch. 
Method. — (1) Place Si and Sa in position, making Si of sufficient 
size to enclose all the lines passing through the armature core. If 
the armature is a ring armature, th^is best accomplished by winding 
the coil over one side of the ring in a position between the poles, 
when it encloses one-half the purely useful lines through the 
armature core. 

(2) Open E, insert p, and tfien close FS, so that the field magnets 
are fully excited. Now close K and suddenly unplug p, so that the 
shunt current is decreased slightly and the field increased by the 
introduction of a small resistance r of about '02 of the field resistance. 
Note the sudden kick of A, and then open E and insert p. 

(3) Alter the number of turns Si in coil 1 until on repeating (2) 
no deflection is obtained on A. If the exact conditions, t.e. the exact 
number of turns Si, cannot be obtained, two values, one just too 
large and the other just too small, should be obtained, and the 
correct Si estimated frpm their respective kicks, which will be in 
opposite directions. In these tests carefully observe the procedure 
given in (2), as if it is not followed step by step the ammeter A may 
be damaged by an excessive kick. 

Results. — Tabulate your results thus — 



L 


II. 


ni. 


IV. 


V. 


VI. 


vu. 


Exciting 
ourrent, 


Toms on 
coil 2,8,. 


Turns on 
coil 1, Sp 


Throw on A 


Correct, 

s.. 


stray 
coefficient, 

a. 


Remarks. 


to left. 


to right. 








. 





Bepeat the experiment for a reduced value of exciting current, 
and show that for smaller inductions the coefficient is decreased. 
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Results— 

Record of Experiment No. M28. 
(Machine tested — Morley machine, 2 pole, over-type, about 2 KW.) 



I. 


n. in. 


IV. 


V. 


VI. 


VIL 


ExoitiDg 
onrren^ 

c,. 


Turns on 
ooU 2, S,. 


Tnrnson 
ooU 1, S,. 


Throw on A 


Correet, 
S,. 


Stray 

coefficient, 

8, 

B. 


Remarks. 


to left. 


to right. 


1-5 
1-5 
10 
10 
0-5 
0-5 


50 
50 
50 
50 
50 
50 


67 . 

68 

65 

65 

64 

64 


20° 

30° 
30° 


18° 

2° 

2° 


1 67-5 
} 65 
}64 


1-35 
i'30 
i-aS 


2nd 

position 

ofSa. 


1-5 
1-5 
10 
1-0 
0-5 
0-5 


50 
50 
50 
50 
50 
50 


58 
57 
56 
56 
55 
55 


16° 
2° 
2° 


16° 

3° 
2-5° 


1 57-5 
i 56 
I 55 


I-I5 

I-I2 
ITO 


1st 

position 

of Sa. 
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APPENDIX I 

No. I. — Manufacture of the Clark Standard Cell. 
Thb Imperial Ohm, AmpI:be, and Volt. 

* At the Court at Osborne House, Isle of Wight, the 23rd day of 
August, 1894. 

Present, the Queen's Most Excellent Majesty in Council. 

Whereas by "The Weights and Measures Act, 1889," it is among 
other things enacted that the Board of Trade shall from time to time 
cause such new denominations of standards for the measurement of 
electricity as appear to them to be required for use in trade to be made 
and duly verified. 

And whereas it has been made to appear to the Board of Trade that 
the new denominations of standards are required for use in trade based 
upon the following units of electrical measurement, viz. : — 

1. The Ohm, which has the value 10° in terms of the centimetre and 
the second of time, and is represented by the resistance offered to an 
unvarying electric current by a column of mercury at the temperature of 
melting ice 14*4521 grammes in mass of a constant cross-sectional area, 
and of a length of 106*3 centimetres. 

2. The Amp^re^ which has the value ^ in terms of the centimetre, 
the gramme, and the second of time, and which is represented by the 
unvarying electric current which, when passed through a solution of 
nitrate of silver in water in accordance with the specification appended 
hereto and marked A, deposits silver at the rate of 0*001118 of a gramme 
per second. 

3. The Volt, which has the value 10^ in terms of the centimetre, the 
gramme, and the second of time, being the electrical pressure that if 
steadily applied to a conductor whose resistance is one ohm will produce 
a current of one ampere, and which is represented by 0*6974 (j^) of the 
electrical pressure at a temperature of 15^ C. between the poles of the 
voltaic cell, known as Clark's cell, set up in accordance with the specifica- 
tion appended hereto, and marked B. 

And whereas they have caused the said new denominations of standards 
to be made and duly verified. 

Now, therefore, Her Majesty, by virtue of the power vested in Her 

* From the Lmdon Gazette of Friday, August 24, 1894. 
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by the said Act, by and with the advice of Her Priyy Oouncil* is pleased 
to approre the aeveral denominations of standards set forth in the 
sohedvile hereto as new denominations of standards for electrical 
measurement. C. L. Pbsl. 



SCHEDULE. 

I.— Standard of Electrical Resistance. 

A standard of electrical resistance denominated one ohm, being the 
resistance between the copper terminals of the instrument marked *' Board 
of Trade Ohm Standard Verified 1894 " to the passage of an unyarying 
electrical carrent when the coil of insulated wire forming part of the 
aforesaid instrument and connected to the aforesaid terminals is in all 
parts at a temperature of 15*4^ C. 

II. — Standard of Electrical Current. 

A standard of electrical current denominated one ampere, being the 
current which is passing in and through the coils of wire forming part of 
the instrument marked ''Board of Trade Ampere Standard Verified 
1894 " when on rerersing the current in the fixed coils the change in the 
forces acting upon the suspended coil in its sighted position is exactly 
balanced by the force exerted by gravity in Westminster upon the iridio- 
platinum weight marked A and forming part of the said instrument. 

III. — Standard of Electrical Pressure. 

A standard of electrical pressure denominated one Tolt being one- 
hundredth part of the pressure which, when applied between the terminals 
forming part of the instrument marked '' Board of Trade Volt Standard 
Verified 1894/' causes that rotation of the suspended portion of the 
instrument which is exactly measured by the coincidence of the sighting 
wire with the image of the fiducial mark A before and after application 
of the pressure, and with that of the fiducial mark B during the applica- 
tion of the pressure, these images being produced by the suspended mirror 
and observed by means of the eyepiece. 

In the use of the above standards the limits of accuracy attainable 
are as follows : — 

For the ohm, within one-hundredth part of 1 per cent. 

For the ampere, within one-tenth part of 1 per cent. 

For the volt, within one-tenth part of 1 per cent. 

The coils and instruments referred to in this schedule are deposited 
at the Board of Trade Standardising Laboratory, 8, Richmond-terrace, 
Whitehall, London. 
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Spedfioations referred to in the foregoing Order in Goonoil : — 

SPECIFICATION A. 

In the following specification the term Bilver Yoltameter means the 
arrangement of apparatus by means of which an electric current is passed 
through a solution of nitrate of silver in water. The silver voltameter 
measures the total electrical quantity which has passed during the time 
of the experiment, and by noting this time the time average of the 
current, or if the current has been kept constant, the current itself can 
be deduced. 

In employing the silver voltameter to measure currents of about one 
ampere the following arrangements should be adopted. The cathode on 
which the silver is to be deposited should take the form of a platinum 
bowl not less than 10 cm. in diameter, and from 4 cm. to 5 cm. in depth. 

The anode should be a plate of pure silver some 30 sq. cm. in area and 
2 mm. or 3 mm. in thickness. 

This is supported horizontally in the liquid near the top of the solution 
by a platinum wire passed through holes in the plate at opposite comers. 
To prevent the disintegrated silver which is formed on the anode from 
falling on to the cathode, the anode should be wrapped round with pure 
filter paper, secured at the back with sealing wax. 

The liquid should consist of a neutral solution of pure silver nitrate, 
containing about 15 parts by weight of the nitrate to 85 parts of water. 

The resistance of the voltameter changes somewhat as the current 
passes. To prevent these changes having too great an effect on the 
current, some resistance besides that of the voltameter should be inserted 
in the circuit. The total metallio resistance of the circuit should not be 
less than 10 ohms. 

Method of making a Measurement. 

The platinum bowl is washed with nitric acid and distilled water, 
dried by heat, and then left to cool in a desiccator. When thoroughly 
dry it is weighed carefully. 

It is nearly filled with the solution, and connected to the rest of the 
circuit by being placed on a clean copper support to which a binding 
screw is attached. This copper support must be insulated. 

The anode is then immersed in the solution so as to be well covered 
by it and supported in that position ; the connections to the rest of the 
circuit are made. 

Contact is made at the key, noting the time of contact. The current 
is allowed to pass for not less than half an hour, and the time at which 
contact is broken is observed. Care must be taken that the clock used is 
keeping correct time during this interval. 

The solution is now removed from the bowl, and the deposit is washed 
with distilled water and left to soak for at least six hours. It is then 
rinsed successively with distilled water and absolute alcohol, and dried in 
a hot-air bath at a temperature of about 160^ C. After cooling in a 
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desiccator it ]a weighed again. The gain in weight gives the silver 
deposited. 

To find the current in amperes, this weight, expressed in grammes, 
most be divided by the number of seconds during which the current has 
beenpassed, and by 0*001118. 

The result will be the time-average of the current, if during the 
interval the current has varied. 

In determining by this method the constant of an instrument the 
current should be kept as nearly constant as possible, and the readings 
of the instrument observed at frequent intervals of time. These observa- 
tions give a curve from which the reading corresponding to the mean 
current (time-average of the current) can be found. The current, as 
calculated by the voltameter, corresponds to this reading. 



SPEOinOATION B. 
Oh thb Pbbpabatiok of the Olibk Csll. 

Definition of the Cell. 

The cell consistB of zinc or an amalgam of sine with mercury and of 
mercury in a neutral saturated solution of zinc sulphate and mercurous 
sulphate in water, prepared with mercurous sulphate in excess. 

Preparation of the Materials. 

1. The Mercury. — To secure purity it should be first treated with acid 
in the usual manner, and subsequently distilled in vacuo. 

2. Z%6 Zine. — Take a portion of a rod of pure redistilled zinc, solder 
to one end a piece of copper wire, clean the whole with glass paper or a 
steel burnisher, carefully removing any loose pieces of the zinc. Just 
before making up the cell dip the zinc into dilute sulphuric add, wash 
with distilled water, and dry with a clean cloth or filter paper. 

3. The MercurouB Stdphaie. — Take mercurous sulphate, purchased as 
pure, mix with it a small quantity of pure mercury, and waish the whole 
thoroughly with cold distilled water by agitation in a bottle ; drain off 
the water, and repeat the process at least twice. After the last washing, 
drain off as much of the water as possible. 

4. The Zinc Sulphate Solution, — ^Prepare a neutrdl saturated solution 
of pure (" pure recrystallized ") zinc sulphate by mixing in a flask distilled 
water with nearly twice its weight of crystals of pure zinc sulphate, and 
adding zinc oxide in the proportion of about 2 per cent, by weight ci the 
zinc sulphate crystals to neutralize any free acicU The crystals should be 
dissolved with tiie aid of gentle heat, but the temperature to which the 
solution is raised should not exceed 30° C. Mercurous sulphate treated 
as described in 3 should be added in the proportion of about 12 per cent, 
by weight of the zinc sulphate crystals to neutralize any free oxide 
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remaining, and the solution filtered, while still warm, into a stock bottle. 
Crystals should form as it cools. 

5. The MercurouB Sulphate and Zinc Sulphate Paste. — Mix the washed 
mercurous sulphate with the zinc sulphate solution, adding sufficient 
crystals of zinc sulphate from the stock bottle to insure saturation, and a 
small quantity of pure mercury. Shake these up well together to form 
a paste of the consistence of cream. Heat the paste, but not above a 
temperature of 30° C. Keep the paste for an hour at this temperature, 
agitating it from time to time, then allow it to cool ; continue to shake it 
occasionally while it is cooling. Crystals of zinc sidphate should then be 
distinctly visible, and should be distributed throughout the mass ; if this 
is not the case add more crystals from the stock bottle, and repeat the 
whole process. 

This method insures the formation of a saturated solution of zinc and 
mercurous sulphates in water. 

To set up the Cell. 

The cell may conveniently be set up in a small test tube of about 
2 cm. diameter, and 4 cm. or 5 cm. deep. Place the mercury in the bottom 
of this tube, filling it to a depth of, say, 0*5 cm. Cut a cork about 0*5 cm. 
thick to fit the tube ; at one side of the cork bore a hole through which 
the zinc rod can pass tightly ; at the other side bore another hole for the 
glasa tube which covers the platinum wire ; at the edge of the cork cut 
a nick through which the air can pass when the cork is pushed into the 
tube. Wash the cork thoroughly with warm water, and leave it to soak 
in water for some hours before use. Pass the zinc rod about 1 cm. 
through the cork. 

Contact is made with the mercury by means of a platinum wire about 
No. 22 gauge. This is protected from contact with the other materials 
of the cell by being sealed into a glass tube. The ends of the wire 
project from the ends of the tube ; one end forms the terminal, the other 
end and a portion of the glass tube dip into the mercury. 

Clean the glass tube and platinum wire carefully, then heat the 
exposed end of the platinum red-hot, and insert it in the mercury in the 
test tube, taking care that the whole of the exposed platinum is covered. 

Shake up the paste and introduce it without contact with the upper 
part of the walls of the test tube, filling the tube above the mercury to 
a depth of rather more than 1 cm. 

Then insert the cork and zinc rod, passing the glass tube through the 
hole prepared for it. Push the cork gently down until its lower surface 
is nearly in contact with the liquid. The air will thus be nearly all 
expelled, and the cell should be left in this condition for at least 24 
hours before sealing, which should be done as follows : — 

Melt some marine glue until it is fluid enough to pour by its own 
weight, and pour it into the test tube above the cork, using sufficient to 
cover completely the zinc and soldering. The glass tube containing the 
platinum wire should project some way above the top of the marine glue. 
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The cell may be sealed in a more pennanent maimer by coating the 
marine glue, when it is set, with a solution of sodium silicate, and leaving 
it to harden. 



Marint 




BOARD ^TBMOe fORfitfCLARKCELL 

Fig. 104. 

The cell thus set up may be mounted in any desirable manner. It is 
convenient to arrange the mounting so that the cell may be immersed in 
a water bath up to the level of, say, the upper surface of the cork. Its 
temperature can then be determined more accurately than is possible 
when the cell is in air. 

In using the cell sudden variations of temperature should as far as 
possible be avoided. 

The form of the vessel containing the cell may be varied. In the H 
form, the zinc is replaced by an amalgam of 10 parts by weight of zinc 
to 90 of mercury. The other materials should be prepared as already 
described. Contact is made with the amalgam in one leg of the cell, and 
with the mercury in the other, by means of platinum wires sealed through 
the glass. 

No. 2. — The Reichsanstalt Form of Cadmium Cell. 

This cell is due originally to Mr. Weston, who recognized the 
advantages it possesses on account of its great reliability and small 
temperature coefficient (see below, and Appendix II. for that of the 
Clark and Carhart Clark Standard Cells). The cell has been investigated 
veiy fully by Professor W. Jaegar of the Physikalisch-Technische 
Reichsanstalt, who, after many experiments, recommends that the cell 
should be made up as follows : — 
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General Arrangement. 

If a particularly low internal resistance is not required the glass vessel 
can have the H form used by Lord Rayleigh or Kahle's modification of 
it. The two l^s of the vessel are provided with platinum leading-in 
wires melted into the glass at the lower ends (see Fig. 105). Two types 
will be described, one not being suitable for transporting without special 
care, the other intended to be transportable. 

In the former type (Eig. 105) the negative pole consists of a cadmium 
amalgam — one part of cadmium to six parts of mercury is the mixture 
used at the Beichsanstalt. Over this is a layer of pulverised crystals of 
cadmium sulphate, to ensure this pole always being in contact with a 
concentrated solution. This layer of crystals also prevents the mercurous 
sulphate from coming into contact with the amalgam. The positive pole 
is formed of metallic mercury, over which is a layer of paste formed by 
the trituration of mercurous sulphate with metallic mercury, and a con- 
centrated solution of cadmium sulphate in which are some crystals of 
this salt. The paste must not be too thin, but must form a stiff pulp. 
The remainder of the cell is filled with a concentrated solution of 
cadmium sulphate. The tube is closed first by a layer of paraffin which 
is poured in, and with a thin washer of cork upon the paraffin. Finally, 




GadfrnttmAmBol/aM 

REICH8AN8TADT FORM of CADMIUM STANDARD CELL 
Fio. 105. 



the cell is sealed with good sealing-wax, which is not acted on by 
petroleum. Of course, the tops of each of the glass legs may be fused 
up in the blow-pipe instead. 

In the portable type the negative pole is formed in the same way as 
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above desoribed, but the poaitiTe pole is of amalgamated platinum. In 
order to give this electrode a greater snrface the platinum wire is either 
rolled in a spiral, or connected to a piece of platinum foil. The space 
taken up by the Uquid in the first type is in this one fiUed entirely with 
the paste. 

Special Instructions. 

AmalgamaiUm of the PlaHnum. — The amalgamation of the platinum 
is done electrolytically. The metal is first warmed with aqua regia in a 
sand bath untU bubbles rise ; then the cell is filled with a solution of 
mercury in nitric acid and the platinum is connected to the negative pole 
of a battery; another piece of platinum foil is used as anode. The 
current is aJlowed to flow until the platinum is covered regularly with 
mercury. The mercury must adhere well to the platinum.* 

Cadmium Amalgam. — ^The E.M.F. of the cadmium cell is independent 
of the composition of the amalgam between the limits of 6 and 13 parts of 
mercury to one part of cadmium, and its value is that given at the end 
of the article. Cadmium dissolves easily in mercury when heated, form- 
ing a liquid amalgam which, if of the composition usually given it, viz. 
one part of cadmium to six of mercury, is solid at ordinary temperatures. 
To fill the one leg of the cell with the amalgam the simplest way is to 
place in it a small piece of the solid amalgam and heat it in the sand 
bath until it melts. The mercury used for making this amalgam must, 
of course, be pure. Commercial cadmium obtained from good Victories is 
usually pure enough, and occasional small impurities have no effect on 
the cell. 

Cadmium Sulphate. 

The cadmium sulphate of commerce is also usually sufficiently pure, 
but it is not always thoroughly neutral. As free acid affects the E.M.F. 
of the cell, it must be neutralized. The acidity can be recognized by 
testing with litmus. Occasionally it is only the mother liquor surround- 
ing the crystals that is acid, in which case it suffices to wash the salt with 
distilled water. Otherwise one must neutralize the add by digesting 
a solution of the salt in cadmium hydroxide.f As the solution usually 
becomes somewhat basic by this means, and then on bringing it in contact 
with the mercurous sidphate the latter is precipitated, one digests it for 
some time with this salt before using it until no more precipitation of the 
latter occurs. The cadmium sulphate solution must not be warmed over 
70°, for otherwise another hydrate is formed (CdS04 + EL,0, while under 
70° the composition is 3CdS04 + SHjO). The solubility of the cadmium 
sulphate changes very little with temperature, so that raising the 
temperature is of no use in producing a concentrated solution, and the 

* The platinum wire may also be amalgamated by heating to redness in a bnnsen 
flame and plunging in a bath of pure mercury. 

t Oadmium hydroxide may be precipitated by treating a solution of cadmium 
sulphate with a solution of caustic soda. The precipitate must be well washed. 
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finely-powdered salt must be shaken up with the solution so long as any 
of it is dissolved. If the solution is not concentrated the E.M.F. is too 
high. At ordinary temperatures 100 parts of water dissolve about 115 
parts of the hydrate. 

Mercury. — ^The mercury for the positive pole can easily be obtained 
sufficiently pure by the usual methods ; it must be free from any trace of 
a more positive metal. 

Mercurou8 Sulphate (Big^O^). — This salt may be impure owing to 
oxides, basic salts, or free acid. Oxides are reduced by the rubbing of 
the paste with metallic mercury. Basic salts indicate their presence by 
a yellow coloration, and being insoluble are harmless. They can be trans- 
formed into neutral salts by treating the salt with very dilute sulphuric 
acid, and subsequently washing it with distilled water, only the washing 
must not be continued so long that they are again decomposed into basic 
salts. The last trace of acid in the paste is removed with finely divided 
metallic mercury. The treatment of a strongly acid salt follows from the 
foregoing. If the salt has a pale yellow colour, or if it shows a pale 
yellow coloration when put into water, it can be used without further 
treatment. If the salt has been washed in water it must be dried as 
well as possible (without heat), and, in making the paste, so much solid 
cadmiimi sulphate must be added that a saturated solution of the latter 
salt is also formed. 

The E.M.F. of the cadmium cell is (for cadmium amalgams containing 
some 7 to 14 per cent, of cadmium) — 

1-019 international volts at 20° C, 

if 1*433 international volts be taken as the E.M.F. of the Clark cell at 
15° 0. The effect of temperature is given in the formula — 

E, = E20 - 3-8 X 10-X«- 20) - 0-065 x 10-»(/ - 20)^ 

From experience with this cell since April, 1894, it has been found 
that it^ as well as the Clark cell, is constant and reproducible within a 
ten-thousandth. 

Further Remarks on the Cadmium Standard Cell. 

In a paper communicated to the Phihaophical Magazine (vol. xlviii., 
July, 1899, p. 152), Dr. John Henderson gives an account of a large 
series of investigations made by himself on this type of cell. The cell 
was made up in a single tube, and he states, amongst other things, that it 
is a matter of indifference whether the neutral or acid salts are employed 
in the construction of the cell, provided add ia not added. With regard 
to the temperature coefficient his investigations showed that the tempera- 
ture coefficient is increased somewhat by the use of acid salts. Dr. 
Henderson concludes that as far as regards the fulfilment of ^e con- 
ditions necessary for a standard of E.M.F., the cadmium cell is distinctly 
superior to any modification of Clark cell. 
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No. 3.— The Manufacture of a x-Ohm Coil. 

Benstanoe ooils for laboratory work are generally made of a length of 
metal wire wound on a oonvenient containing bobbin, the met&l of the 
wire being preferably one having a very Bmall or negligible temperature 
coefficient. Oenerally, the wire is made of German silTer, an alloy com- 
posed of copper four parts, nickel two parts, and zinc one part. Its 
temperature coefficient is only one-ninth that of copper, being 0*0044 per 
degree centigrade, whilst its resistance is nearly thirteen times that of 
copper. To make a one-ohm coil, cut off about 46 cms. of silk-covered 
28 S.W.G. (German silver wire and bare the ends. Measure its resistance 
by the method given in experiment B8, using a standard one-ohm ooil on 
the other sida It will be found that the resistance of the wire is some- 
what above one ohm. Bare a little more wire until the resistance is just 
BlighUy over one ohm. Note that this resistance is that of the length of 
wire between the points where it leaves the binding screwa This is 
explained by the following figure : — 



Fio. 106. 

the resistance measured is that of the length of wire between the points 
A and B. 

To note these points, bend the wire at right angles up against the 
terminals and take the wire out of the bridge. 

Now obtain two 3" pieces of stout ba^ copper wire, and carefully 
clean one end ci each, and the bent ends of the length of German silver 
wire just made. Solder the ends very carefully to the copper wires, 
taking care to make a good clean electrical connection, and to solder just 
up to the bends, and finally wash the joints in water. Double the 
wire together at its middle point, and, inserting the copper terminal wire 
in hole in a bobbin top, carefully wind the double wire round the shank 
previously covered with a layer of tape or rubber insulation. Now attach 
thimble wire connectors to each of the copper wires, and connect up with 
short and thick wires to the bridge. If care has been exercised in solder- 
ing, the balance will be found to be the same as formerly, i.e. the resist- 
ance of the non-inductively wound coil is just slightly over one ohm. To 
adjust finally to exactly one ohm, cover the wire with a single wrapping 
of tape, taking great care in covering the terminal wires and leave only 
about 2 cms. of the doubled end exposed. Carefully unwrap the silk from 
off about half a centimetre of this end and clean the bare wire so that 
the coil appears as in the sketch — 
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Fig. 107. 



Take the soldering iron and momentarily apply the small globule of 
molten solder and resin flux to the bare end, which will leave a small 
globule adhering to the two wires, and thus short^ircuiting a portion of 
the bend. 




Pig. 108. 

Extend this solder up the wire bend until the resistance is exactly 
one ohm. In doing this use a hot iron, apply it momentarily, and use a 
minimum amount of solder. By this method the resistance can be 
adjusted with great accuracy. To complete the coil, separate the remainder 
of the bared ends from each other by thin insulation, and finally insidate 
the whole end, bend down on the bobbin, and r^tape the whole. Test 
finally. 
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PHYSICAL TABLES 

TABLE I. 

UsBPUL Constants, Etc. 

1 gallon = 01604 cubic foot = 10 lbs. of freah water at 62° P. 
1 atmosphere s 14*7 lbs. per sq. inch = 760 mms. of mercury. 
1 radian = 57*30 degrees. At Greenwich, g = 981*17 cms. = 31*19 feet 
per sec. per sec. 

Approximations. — If a and i are small quantities — 

(1 ± a)* = 1 ± ma (1 ± a)*(l ±hy=l±ma±nb. 



Absorption of Light hg Globes. — 

Ordinary clear glass absorbs about 
Light-ground „ „ „ 
Heavy-ground and tinted absorbs about 
Opal glass absorl» about 

Fuses, 



10% of the Hght. 



40% 
50% 



(Schwartz and James.) (d in cms. and fuses horizontal.) 

Copper (tinned) ... C = 176W^, for sizes 83 to 18 S.W.G. 

Tin C = 2393^*" „ 20 to 7 „ 

Aluminium ... C = 2188^'^ „ 42 to 22 „ 

Current for Incandescent Lamps. — 





Watts per candle-power. 


Supply, 
Toltage. 


4 


3-5 


8 


23 




16 c.-p. 


25 c.-p. 


IC c.-p. 


25 c-p. 


16 0,-p. 


25p.-c. 


16 o.-p. 


25 c-p. 


100 
110 
200 
220 

1 


0-64 
0-58 
0-82 
0-29 


1-0 
0-91 
0-50 
0-45 


0-56 
0-51 
0-28 
0-25 


0-87 
0-80 
0-44 
0-40 


0-48 
0-44 
0-24 
0-22 


0-75 
0-68 
0-87 
0-34 


0-40 
0-86 
0-20 
0-18 


0-62 
0-57 
0-81 
0-28 
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TABLE I.—continued. 

("D9A \ 

P = -g— dynesj- 



B per sq. cm. 


1,000 


2,000 


4,000 


6,000 


8,000 


10,000 


15,000 


20,000 


Grms. per aq. cm. 


40-6 


162 


650 


1,460 


2,600 


4,060 


9,150 


16,280 


Poands per sq. in. 


0-577 


2-31 


9-23 


20-75 


36-95 


57-7 


180 


231 



TABLE II. 
FoBiciTL^ m Meksubation. 





Oironmferenoe. 


Siirfaoe.i 


Volame. 


Circle 

Cylinder 
Sphere 


2vr = ird 


2«rA + 2irr« 
4jrr' = 12-57r» 


irt'h 
*irr» = 4-189r* 

'^*-1.047r*A 


Cone 


fl-r^i^ + A' + jTr" 



r = radius. d = diameter. h = height. 



TABLE III. 
CoNVBBSiON Factors. 



1 inch = 2*540 cms. 

1 foot = 80*48 cms. 
1 ywrd =s 91-44 cms. 
1 mile s 160935 cms. 



Length, 



1 cm. = 0-8987 inch. 
1 cm. = 0-08281 foot. 
1 cm. = 0-010986 yard. 
1 cm. = 6-2187 X 10-«. 



Area. 



1 sq. in. a 6*4517 sq. cms. 
1 sq. ft. s 929-04 sq. cms. 
1 sq. yd. = 8861*85 sq. cms. 
1 sq. mile = 2*59 X 10^^ sq. cms. 



1 sq. cm. s 0*1550 sq. in. 
1 sq. cm. a 0-0010764 sq. ft. 
1 sq. cm. = 00001196 sq. yd. 
1 sq. cm. = 8-861 XlO"*^sq. mile. 
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TABLE 111.— eontin/iied. 

Volume. 
1 cnb. in. = 16-888 cub. cms. 1 cub. cm. = 006102 cub. in. 

1 cub. ft. = 28,817 cub. cms. 1 cub. cm. = 3-5814 x lO"* cub. ft. 

1 cub. yd. = 764,664 cub. cms. 1 cub. cm. = 1808 x lO"* cub. yd. 

1 pint 5= 667-68 cub. cms. 1 cub. cm. = 0-001762 pint. 

Mass. 

1 grain = 0-0647990 grms. 1 grm. = 15-482 grain. 

1 ounce (avr.)= 28-8495 grma. 1 grm. = 0-035274 ounce (a vr.). 

1 pound = 453-59 grms 1 grm. = 0*0022046 pound. 

1 ton = 1 -01605 XlO« grms. 1 grm. = 9-8421 x 10"^ ton. 

Velocity. 

1 ft. per sec. s 80-48 cul per sec. 1 cm. per sec. s 0*08281 ft. per sec. 
1 mile per hr. = 44-704 cm. per sec. 1 cm. per see. s 0*02237 mile per hr. 
1 kila per hr. = 27-778 cm. per sec. 1 cm. per sec. = 0-036 kilo, per hr. 

Force. 

1 poundal = grms. = 18825 dynes. 

1 pound := 458*69 grms. = 4*45 x 10^ dynes. 

1 grain = 0-064799 grms. = 63-6 dynes. 

1 kilogramme = 1000 grms. = 9*81 x 10* dynes. 

Work and Energy. 

1 ft.-pound = 18828 grm. cms. = 1-8560 X 10' ergs. 

1 ft.-poundal = = 4-2140 X 10* ergs. 

1 kilogrammetre = 10* grm. cms. = 9-81 x 10' ergs. 
1 joule = = 10' ergs. 

Bate of Work. 

1 horse-power = 7-604 x 10* grm. cms. per sec. = 7-46 X 10' ergs per sec. 
1 foroe-de-cheval = 7-5 X 10* grm. cms. per sec. = 7-86 X 10* ergs per aec. 
1 kilowatt = s= 10^° ergs per sec. 

1 watt = = 10' ergs per sec. 

Mechanical Equivalent of Heat. 

(For water at 7-5° 0. or 45-5° F.) 

1 grm. through 1° 0. = 4-281 x 10* grm. cms. = 4-2 x 10' ergs. 
1 lb. through 1° C. = 1-942 x 10' grm. cms. = 1-905 x 10*^ ergs. 
1 lb. through 1° F. = 1*079 X 10' grm. cms. = 1-058 X lO^" ei^. 
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TABLE IV. 

Spboipio Gravities and Specific Heats. 
(Everett, Gray, and others.) 



Subetanoe. 


Speoido graTity. 


Speciflo heat. 


Aluminium 


2-6 to 2-8 


0-2122 


Bismuth 


9-7 „ 9-9 


0-0298 


Brass (4 Ou, 1 Sn) ... 


8-44 „ 8-7 


0-0858 


Bronze 


8-74 „ 8-89 


0-090 


Oarbon (gas) 

Copper (sheet) 


1-88 


0-16 


8-8 to 8-89 


0-0988 


,, (wire) 


8-8 „ 8-89 


0-0988 


German silver 


8-8 „ 8-45 


— 


Gold 


19-26 „ 19-34 


0-0816 


Iron (gray cast) 


7-08 „ 7-18 


0-1124 


„ (white cast) 
„ (wrought) 


7-58 „ 7-78 


0-1124 


7-8 „ 7-9 


0-1124 


Steel 


7-8 „ 7-9 


0-116 


Lead 


11-84 „ 11-86 


0-0815 


Mercury (at 0° 0.) ... 


18-596 


0-0885 


Manganin 


8-7 


— 


Nickel 


8-8 to 8-9 


0-1092 


Platinum 


21-2 „ 21-7 


00828 


Silver 


10-4 „ 10-57 


00559 


Tin 


7-29 „ 7-8 


0-0559 


Zinc 


7-04 „ 7-18 


00985 


Glass (common) 


2-4 „ 2-8 


0-198 


Paraffin (solid) 


0-87 „ 0-91 


— 


Ebonite 


M5 


— 


Guttapercha 


0-97 to 0-98 


~— 


Petroleum 


0-878 


0-495 


Sulphuric acid 


1-85 


0-382 


Nitric acid 


1-56 


+ lOHjO 0-768 


Hydrochloric acid 


1-27 


+ lOHjO 0-749 
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TABLE V. 

SPEOino Bbsistanoes and Tempebature Coefficients of Pure 
Metals and Alloys. 

(Professon J. A. Fleming and J. Dewar.) 



PnnmeteU. 


ohma. 


Temp, 
ooeff. 0. 


Alloy*. 


pMior- 
obmg. 


Temp, 
ooeff. a. 


Platinum 


10-917 


+0-008669 


Plafcinnm-flilver ... 


81-582 


+0-000248 


Gold 


2-197 


0-008770 


„ -iridinm 


80-896 


0-000822 


SOver ... 


1-468 


0-004000 


„ -rhodiom 


21-142 


0-00143 


Capfet ... 


1-561 


0-004280 


Manganese steel... 


67-148 


0-00127 


Alnmininm 


2-665 


0-004850 


Nickel steel 


29-462 


0-00201 


Iron 


9-065 


0*006250 


German silver ... 


29-982 


0-000278 


Nickel ... 


12-828 


0-006220 


Platinoid 


41-781 


0-000810 


Tin 


18-048 


0-004400 


Mang[anin 


46-678 


0-00000 


Magnesinm 


4-855 


0-008810 


Alnmininm bronze 


12-800 


0-0010 


Zinc 


5-751 


0-004060 


Brass 


7-2 




Gadnunm 


10-028 


0-004190 








Lead 


20-880 


0-004110 








Mercnry ... 


94-070 


0-000720 









The specific remtancea in microhms per c.c. are taken at 0^ C, and the 
mean values are given for a between the limits of 0° C. and 100° C. 
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TABLE VI. 

Specific Resistance of Elbcteolytes in Ohms peb Cubic Cm. 
(Approximate values.) 



Substance. 


Spedflo 
resistanoe. 


Temperatnie. 


Sulphate of copper, saturated 


29-30 


10° C. 


Snlphate of zinc „ 


33-70 


»> 


„ „ minimnTn 


28-3 


99 


„ „ 25 per cent, solution of 






anhydrous salt 


21-11 


18° C. 


Sulphate of potash, saturated 

Sodium chloride „ 


16-6 


10° C. 


4-70 


18° C. 


Bichromate of potash, saturated 


29-60 


10° C. 


Nitric acid, A = 1-36 


1-40 


— 


Sulphuric acid, 5 per cent., A = 1*038 


4-926 


18°C. 


„ 10 „ A = 1-067 


2-623 


99 


„ 15 „ A = 1-104 


1-891 


99 


„ 20 „ A = 1-Ul 


1-574 


99 


„ 30 „ A = 1-221 


1-891 


99 


„ 40 „ A = 1-306 


1-511 


99 


Copper sulphate, 5 per cent., A = 1-082 


53-3 


99 


„ 10 „ A =1-065 ... 


31-4 


99 


„ „ 15 „ A = 1-0993 ... 


23-9 


99 


17-5 „ — 


21-9 


99 


Caustic soda, 5 per cent., A = 1-058 


5-12 


99 


„ „ 10 „ A = 1-115 


8-22 


99 


„ . „ 15 „ A = 1-170 


2-90 


99 


„ „ 20 „ A = 1-225 


3-08 


99 


„ „ 30 „ A =1-332 


4-99 


99 


„ „ 40 ■ „ A = 1-437 


8-70 


99 



A = specific gravity. 
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TABLE VII. 
Elkctbo-Ghbxioal Equivalehts in Obahxes pkb C!ouloub. 



Metal. 


Atomio 
weight 


Obemicid 
eqniTsIent 

_ atwfc 
ralenoy 


Eleotio-chemioal 

eqaivalent, 

gtamisMper 

ooulomb. 


Giammes 

deposited per 

amp. hoar. 


Copper (cuprous) 
„ (cupric) ... 

Gold 

Iron (ferrous) 

Lead 

Nickel 

Silver 

Tin (stannous) ... 

Zinc 

Hydrogen 


27 

68-1 

68-1 
196-7 

56 
206'4 

68-6 
108 
117-8 

65 
1 


9 
63-1 
31-6 
65-6 
28 

108-2 
29-8 

108 
58-9 
82-5 
1 


0-00009817 

0-00065785 

0-00082867 

0-00067806 

0-00028986 

0-0010714 

0-00080588 

0-0011180 

0-00061077 

0-00088644 

0-000010852* 


0-8854 
2-8665 
1-1882 
2-4410 
1-0485 
8-8671 
1-0994 
4-0249 
2-1988 
1-2112 
0-08788 



* The diiTerenoe between the value given here and that given on p. 46 is explained 
by the fact that fresh detenninations of z for H are constantly being made. A recent 
determination gives the valae at 0*0000x044, to use which the above values would have 
to be increased by about 0-9%. 
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TABLE VIII. 

PROPEETIES OF PEIMARY CbLLS. 



Name of cell. 



Electrodes. 



Solutions. 



E.M.F. 



Approx. 
internal 
resistance. 



Daniell 



Leclanch6 



Clark ... 
(standard) 



Bnnsen ... 
Bichromate 



Copper and 
zinc 



Carbon and 
zinc 



Pure mer- 
cnry and 
pure zinc 



Carbon and 
zinc 

Carbon and 
zinc 



Grove ... 



Platinum 
and zinc 



The zinc is immersed 
in a solution of zinc 
sulphate, and the 
copper in a solution 
of copper sulphate 

The carbon is packed 
in a porous pot with 
peroxide of manga- 
nese and broken gas 
carbon. The zinc is 
immersed in solution 
of sal ammoniac 

The mercury is covered 
with a paste of mer- 
curous sulphate and 
a saturated solution 
of zinc sulphate, in 
which is placed the 
rod of zinc 

The carbon in nitric 
add, and the zinc in 
dilute sulphuric acid 

The best solution is 
1 lb. of potassium- 
bichromate, 2 lbs. 
strong sulphuric acid, 
specific gravity 1'836, 
and 12 lbs. water, in 
which both electrodes 
are immersed, the 
zinc being withdrawn 
when the cell is not 
in use 

The platinum is im- 
mersed in a strong 
nitric acid, and the 
zinc in dilute sul- 
phuric add 



Depends upon the 
densities of the 
solutions, it varies 
from 1-07 to 1-14 
volts 

About 1*47 volts; 
but is quickly re- 
duced if used to 
send a strong cur- 
rent 



1-484 at 15° C. at 
any temperature f 
C, it is 

l-484[l-00008(t°-15°)] 



About 1*9 volts 



About 2 volts ; but 
is quickly reduced 
if employed to send 
a strong current 



ohms 
ItolO 



1*5 to 3-5 



0*15 to 2 



1 to2 



About 1*93 volts 



0*15 to 4 



Digitized by 



Google 



2o8 



APPENDIX II 



TABLE IX. 
Bklatiok betwkkr Pbaotical and G.G.S. (absolxjtb) Units. 







AbBolQtaC.O£.imits. 


DimeMiaiw. 




PmotiMl 
unit. 










Electro- 
magnetio. 


XaeotRMtetic. 


Electro- 
■tetie. 


Electro- 
magnetic. 


Quantity 

Current 

Potential 


Coulomb 

Amp6re 

Volt 


io-» 
io-» 

10« 


» X 10-1 = 8 X 10» 
p X I0-» = 8 X 10» 

io»-i-v«jxio-« 


M*L*T-> 
M»L*T-^ 
M*L*T-» 


M*L* 

M*L*r-» 

M*L*T^ 


Resistance 


Ohm 


10» 


^ X 10» = f X io-» 


L-»T 


LT-' 


Capacity 


Farad 


io-« 


»«X10-»=9X10" 


L 


L-'T* 


Self ) 
induction) 


Secohm 


10» 


— 


— 


L 


Mutual \ 
induction) 

Power 

Work 

Induction 


Secohm 

Watt 
Joule 
Maxwell 


10» 

10' 
10' 
10« 


l> = 3 X 10" 


— 


L 
MLT-^ 

M*L-*r-' 



V = velocity of light = S X 10** cms. per second. 
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TABLE X. 

Vabiatiobt op E.M.P. op Olaek Standabd and op Carhabt-Clark 
Standard Cell with Tbmperatxjrb. 





E JI.F. in legal volts. 


Tempenttnre °C. 


' 


aark. 


Carhart-Clark. 


4 


1-4461 


1-4395 


5 


1-4450 


1-4890 


6 


1-4489 


1-4885 


7 


1-4428 


1-4880 


8 


1-4417 


1-4375 


9 


1-4406 


1-4870 


10 


1-4895 


1-4865 


11 


1-4884 


1-4860 


12 


1-4873 


1-4855 


18 


1-4362 


1-4850 


14 


1-4351 


1-4845 


15 


1-4340 


1-4840 


16 


1-4829 


1-4385 


17 


1-4818 


1-4880 


18 


1-4807 


1-4325 


19 


1-4296 


1-4820 


20 


1-4285 


1-4815 


21 


14274 


1-4310 


22 


1-4268 


1-4805 


28 


1-4252 


1-4800 


24 


1-4241 


1-4295 


25 


1-4280 


1-4290 


26 


1-4219 


1-4285 


27 


1-4208 


1-4280 


28 


1-4197 


1-4275 


29 


1-4186 


1-4270 


80 


1-4175 


1-4265 
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TABLE XI. 
Tbiqokohbtbical Ratios. 



If A be one acute angle in the right- 
angled triangle ABC — 

a ss Bide adjacent to angle A 
as Bide opposite to angle A 
h = hypotenuse 




Ratio. 



COS A i 



. . _ o pposite side _ o 

"" hypotenuse "" h 

adjacent side _a 

hypotenuse ~ h 

* « A opposite side o 

tan A = -Jf r—^- = - 

adjacent side a 

ot A = adjacent side _ a 
opposite side "" o 

^ ^ ^ hypotenuse ^ h 
adjacent side a 

co8ecA = -^2^^^ = * 
opposite side o 



Values. 



0° 


30° 


46° 


60° 


90° 





1 
2 


1 
V2 


V3 
2 


1 


1 


^8 
2 


1 
V2 


1 

2 








1 
V8 


1 


V3 


oc 


oc 


V8 


1 


1 
V8 





1 


2 
V3 


V2 


2 


oc 


oc 


2 


V2 


2 
73 


1 
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TABLE 


XII.^ 


Logarithms. 











1 


2 


8 


4 


5 


6 


7 


8 


9 


12 8 4 


5 


678 9 


10 


0000 


0043 


0088 


0138 


0170 


0312 


0263 


0294 


0334 


0374 


4 9 13 17 
4 8 12 16 


31 
30 


26 80 34 88 
24 28 33 37 


11 


0414 


0463 


0492 


0631 


0669 


0607 


0645 


0682 


0719 


0755 


4 8 13 15 
4 7 11 15 


19 
19 


33 27 31 36 
23 26 30 83 


12 


0792 


0828 


0864 


0899. 


0034 


0969 


1004 


1038 


1072 


1106 


3 7 11 14 
3 7 10 14 




21 26 28 32 
20 24 27 31 


13 


1139 


1173 


1206 


1339 


1271 


1303 


1336 


1367 


1399 


1430 


3 7 10 13 
3 7 10 12 




20 23 26 80 
19 22 26 29 


14 


1461 


1492 


1623 


1663 


1584 


1614 


1644 


1673 


1703 


1732 


3 6 9 13 
3 6 9 12 




18 21 24 28 
17 20 23 26 


15 


1761 


1790 


1818 


1847 


1875 


1903 


1931 


1959 


1987 


2014 


8 6 9 11 
3 6 8 11 




17 20 28 26 
16 19 23 26 


16 


2041 


2068 


2095 


2122 


2148 


2176 


2201 


3337 


2258 


2279 


8 6 8 11 
8 6 8 10 




16 19 22 24 
16 18 21 23 


17 


2304 


2330 


2366 


2380 


2405 


2430 


2466 


3480 


2604 


2629 


3 6 8 ID 
3 6 7 10 




16 18 20 23 
16 17 19 33 


18 


2563 


2677 


2601 


2625 


2648 


2672 


2695 


3718 


2742 


2765 


2 6 7 9 
2 6 7 9 




14 16 19 31 
14 16 18 31 


19 


2788 


2810 


2833 


2866 


2878 


2900 


2923 


3945 


2967 


2989 


2 4 7 9 

3 4 6 8 




13 16 18 20 
13 16 17 19 


20 


3010 


3032 


3064 


3076 


3096 


3118 


3139 


3160 


3181 


3201 


2 4 6 8 




13 16 17 19 


21 
22 
23 
24 


3222 
3424 
3617 
3802 


3343 
3444 
3636 
3820 


3263 
3464 
3656 


3284 
3483 
867^ 
3856 


3304 
3502 
8692 
3874 


3324 
8623 
3711 
3892 


3346 
3541 
3729 
3909 


3365 
3560 
3747 
3927 


3385 
3579 
3766 
3946 


3404 
3698 
3784 
3962 


2 4 6 8 
2 4 6 8 
2 4 6 7 
2 4 6 7 




13 14 16 18 
12 14 15 17 
11 13 15 17 
11 12 14 16 


25 


3979 


3997 


4014 


4031 


4048 


4065 


4082 


4099 


4116 


4133 


2 3 6 7 




10 12 14 16 


26 
27 
28 
29 


4150 
4314 
4472 
4624 


4166 
4330 
4487 
4639 


4183 
4346 
4602 
4664 


4200 
4362 
4518 
4669 


4216 
4378 
4533 
4683 


4232 
4393 
4648 

4698 


4249 

4409 
4564 
4713 


4265 
4425 
4579 
4728 


4281 
4440 
4594 
4742 


4296 
4456 
4609 
4767 


2 3 6 7 
2 3 6 6 
2 3 6 6 
13 4 6 




10 11 13 16 
9 11 13 14 
9 11 12 14 
9 10 12 13 


30 


4771 


4786 


4800 


4814 


4829 


4843 


4857 


4871 


4886 


4900 


113 4 6 




9 10 11 13 


31 
32 
33 
34 


4914 
6061 
6185 
6316 


4928 
6066 
6198 
5328 


4942 
6079 
6211 
6340 


4956 
6092 
5224 
6353 


4969 
6105 
5237 
6366 


4983 
6119 
5250 
6378 


4997 
6132 
6268 
6391 


5011 
5146 
5276 
5403 


6024 
6159 
5289 
6416 


6038 
6172 
6302 
6428 


13 4 6 
13 4 6 
13 4 6 
18 4 6 




6 10 11 12 
8 9 11 12 
8 9 10 12 
8 9 10 11 


36 


6441 


6463 


6466 


5478 


6490 


6602 


5614 


6527 


6539 


6561 


12 4 6 




7 9 10 11 


if 

38 
89 


6663 
6682 
6798 
6911 


6676 
6694 
5809 
6922 


6687 
6705 
6821 
6933 


6599 
6717 
5832 
5944 


6611 
6729 
6843 
5955 


5623 
5740 
6855 
5966 


6635 
5752 
6866 
5977 


6647 
5763 
5877 
6988 


6658 
5775 
6888 
5999 


6670 
6786 
5899 
6010 


12 4 6 
12 3 6 
12 3 6 
12 3 4 




7 8 10 11 
7 8 9 10 
7 8 9 10 
7 8 9 10 


40 


6021 


6031 


6042 


6053 


6064 


6076 


6085 


6096 


6107 


6117 


12 3 4 




6 8 9 10 


41 

n 

44 


6128 
6232 
6335 
6436 


6138 
6243 
6346 
6444 


6149 
6253 
6355 
6464 


6160 
6263 
6366 
6464 


6170 
6274 
6375 
6474 


6180 
6284 
6385 
6484 


6191 
6294 
6395 
6493 


6201 
6304 
6405 
6503 


6212 
6314 
6415 
6513 


6222 
6325 
6425 
6522 


12 3 4 
12 3 4 
12 3 4 
12 3 4 




6 7 8 9 
6 7 8 9 
6 7 8 9 
6 7 8 9 


45 


6632 


6542 


6561 


6561 


6571 


6680 


6590 


6599 


6609 


6616 


12 8 4 




6 7 8 9 


46 
49 


6628 
6721 
6812 
6902 


6637 
6730 
6821 
6911 


6646 
6739 
6830 
6920 


6656 
6740 
6889 
6928 


6666 
6758 
6848 
6937 


6675 
6767 
6857 
6946 


6684 
6776 
6866 
6955 


6603 
6785 
6875 
6964 


6702 
6794 
6884 
6972 


6712 
6803 
6893 
6981 


12 3 4 
12 3 4 
12 8 4 
12 3 4 




6 7 7 8 
6 6 7 8 
6 6 7 8 
5 6 7 8 


50 


6990 


6998 


7007 


7016 


7024 


7033 


7042 


7060 


7059 


7067 


12 8 3 


4 


5 6 7 8 



JSr^^ll**' ***** portion of the above table which gives the logariihms of nnmben tnm 1000 to 
aaoo IB the property of Meaen. MacmiUan and (Simpaay, Umited, who. however, have autbo- 
rued the aae of the form in any reprint publiBhed for educational DnrooeeB. 



I any reprint published for educational pnrpoeee. 
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TABLE XII. (eonHnusdy^LoQ 


ABITHVR. 











1 


2 


8 


4 


6 


6 


7 


8 


9 


1284 


5 


678 9 


51 
62 


ftrc 

TIM 
T348 
TS34 


¥884 

T861 

tsss 


T093 

7177 
7359 
7840 


TlOl 
7185 
7267 
7348 


7110 
7193 
7375 
7366 


7118 
7303 
7384 
7864 


T130 
7310 
7393 

7873 


7135 
7318 
7300 
7300 


7148 
7336 
7808 
7S88 


7168 
7335 

7816 

7tN 


13 8 3 
13 3 3 
13 3 3 
13 3 3 


4 
4 
4 
4 


5 6 7 8 
5 6 7 7 
5 6 6 7 

5 6 6 7 


55 


fMi 


t418 


7419 


T4S7 


7435 


744S 


7451 


7459 


7406 


7474 


13 3 3 


4 


5 5 6 7 


1? 

58 
59 


tin 

T«S4 

TtM 


T490 
¥666 

Y642 
»»16 


7497 
7574 
7649 

7733 


7605 
7583 

7657 
7731 


7513 
7689 
7604 

7738 


7510 
7597 
7673 
7745 


7538 

7604 
7079 
7753 


7536 
7613 
7686 

7760 


7543 
7619 
7694 
7767 


7551 
7637 
7701 
7774 


13 3 3 
13 3 3 
113 3 
113 3 


4 
4 
4 
4 


5 5 6 7 

6 5 6 7 
4 5 6 7 
4 6 6 7 


60 


TTBS 


tT89 


7796 


7803 


7810 


7818 


7835 


7833 


783» 


7846 


113 8 


4 


4 5 6 


61 
62 
68 
64 


rsfts 

7924 
t«f3 

aoes 


T860 
t931 
8000 

8068 


7008 

7938 
800T 

8075 


7875 
7045 
8014 
8003 


7883 

7953 
8031 
800» 


788^ 

7958 
8028 
80»0 


7890 
7900 

8035 
8103 


7903 
7973 
8041 
8100 


7910 
7960 
8048 

8116 


7917 
7987 
8055 
8133 


113 3 
113 3 
113 3 
113 3 


4 
3 
3 
3 


4 5 6 6 

4 5 6 6 
4 5 5 

4 5 5 6 


65 


8139 


8130 


8143 


•149 


8160 


•103 


8100 


8176 


8183 


8189 


113 8 


3 


4 5 6 6 


66 

69 


81M 
8361 
8325 
8388 


8303 

8367 
8331 
8395 


•300 

8374 
8338 

8401 


8315 
8380 
8844 

8407 


•333 

8387 
8351 

8414 


•338 
•393 

8357 
8430 


8n5 

8399 
8303 
8430 


8341 
8800 

•370 
•433 


8848 
8313 
8376 
8439 


8354 
8319 
8382 

8445 


113 3 
113 3 
113 3 
113 2 


3 
3 
3 
3 


4 6 5 6 

4 5 6 6 
4 4 6 6 
4 4 5 


70 


8461 


845T 


8403 


8470 


8476 


8482 


8488 


8494 


8500 


8506 


113 3 


3 


4 4 5 6 


71 
72 
78 
74 


8613 
86T3 
8633 
8682 


8519 
8578 
8639 

8098 


8535 
8586 
8645 

8704 


8531 
8591 
8051 
8710 


8537 
8597 
8667 

8716 


8543 
8003 
8083 

8722 


8548 
8609 
8669 

8737 


8565 
8615 
8076 

8733 


8561 
8031 
8081 
8739 


8667 
8627 
8666 

8745 


1, 1 8 3 
1*1 3 3 
113 3 
113 3 


3 
3 
3 
3 


4 4 6 5 
4 4 5 5 
4 4 5 6 
4 4 6 6 


75 


8T61 


8750 


8763 


8768 


8774 


8779 


8786 


8791 


8797 


8802 


113 3 


3 


8 4 5 5 


76 
79 


8808 
8866 

8821 
8976 


8814 
8871 
8927 
8983 


8830 
8876 
8933 
8987 


8836 
8883 

8988 
8993 


88SI 
8887 
8943 
8998 


8837 
8803 

8949 
9004 


8843 

8899 
8954 
9009 


8848 
8904 
8960 
9015 


8854 

8910 
8965 
9030 


8859 
8916 
8971 
9025 


113 3 
113 3 

112 3 

113 3 


3 
3 
3 
3 


3 4 5 6 
3 4 4 6 
3 4 4 5 
3 4 4 6 


80 


9081 


9036 


9043 


9047 


9053 


•068 


•063 


9009 


9074 


9079 


112 3 


8 


3 4 4 6 


81 
82 

'4 


9085 

9138 
9191 
9348 


9090 

9143 
9196 
9348 


9090 
9140 
9301 
9353 


9101 
9154 
9300 
9358 


9100 
9159 
9313 
9363 


9112 
9166 
9217 
9209 


9117 
9170 
9323 
9374 


9133 
9175 
9337 
9379 


9138 
9180 
9333 
9384 


9133 
9186 
9338 
9389 


113 3 
113 3 
113 3 
113 2 


3 
3 
3 
3 


3 4 4 5 
8 4 4 6 
3 4 4 6 
3 4 4 6 


85 


9294 


9399 


9304 


9909 


9816 


9830 


9335 


9380 


9836 


9340 


113 3 


8 


3 4 4 6 


86 
87 
88 
89 


9345 
9396 
9446 
9494 


9360 
9400 
0450 
•499 


9365 
9406 
9456 

9504 


9360 
9410 
9460 
9609 


9365 
9416 
9465 
9613 


9370 
9430 
9469 
9518 


9875 
9435 
9474 
9533 


9380 
9430 
9479 
9538 


9385 

9435 
9484 
8533 


9390 
9440 
9489 
9538 


113 3 
112 
113 
113 


8 
3 
3 
3 


3 4 4 6 
8 3 4 4 
3 3 4 4 
3 3 4 4 


90 


9543 


9547 


9553 


9657 


9563 


9566 


9571 


9576 


9581 


8586 


113 


3 


3 3 4 4 


91 
92 
93 
94 


9690 
9638 
9686 
9T31 


9695 
9643 
9689 

9736 


9600 
9647 

9741' 


9605 
9053 
9699 
9745 


•60» 
9657 
9703 
9750 


9614 
9661 
9708 
9764 


9619 
9666 
9713 
9769 


9624 
9671 
9717 
9763 


9638 
9675 
9722 
9768 


9633 
9680 
9727 
9773 


113 
113 
113 
113 


3 
3 
3 
3 


3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 


95 


97YY 


9782 


9766 


9791 


9796 


9800 


9806 


9809 


9814 


9818 


113 


2 


3 3 4 4 


96 

%l 

99 


9828 

9868 
9912 
9956 


9837 
9872 
9917 
9961 


9832 
9877 
9931 
9965 


9836 

9881 
9936 
9969 


9841 

9886 
9930 
9974 


9845 
9890 
9934 
9978 


9850 
9894 

9983 


9854 

9899 
9943 
9987 


9859 
9908 
9948 
9991 


9868 
9908 
9952 
99»6 


113 
113 
113 
113 


3 
3 
3 
3 


3 8 4 4 
8 3 4 4 
3 3 4 4 
3 8 8 4 
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1 


2 


3 


4 


5 


6 


7 


8 


9 


12 3 4 


5 


67 8 9 


•00 


1000 


1002 


1005 


1007 


1009 


1012 


1014 


1016 


1019 


1021 


0011 


1 


1222 


•01 
•02 
•03 
•04 


1023 
104T 
10Y2 
1096 


1026 
1050 
1074 
1099 


1028 
1052 
1076 
1102 


1030 
1054 
1079 
1104 


1033 
1067 
1081 
1107 


1035 
1059 
1084 
1109 


1038 
1062 
1086 
1112 


1040 
1064 
1089 
1114 


1042 
1067 
1091 
1117 


1045 
1069 
1094 
1119 


0011 
0011 
0011 
0111 


1 

1 
1 

1 


12 2 3 
12 2 2 
12 2 2 
2 2 2 2 


•05 


1132 


1125 


1127 


1130 


1132 


1135 


1138 


1140 


1143 


1146 


0111 


1 


2 2 2 2 


•06 
•07 
•08 
•09 


1148 
11»6 
1202 
1230 


1151 
1178 
1205 
1233 


1153 
1180 
1208 
1236 


1156 
1183 
1211 
1239 


1159 
1186 
1213 
1242 


1161 
1189 
1216 
1245 


1164 
1191 
1219 
1247 


1167 
1194 
1222 
1260 


1169 
1197 
1225 
1253 


1172 
1199 
1227 
1256 


0111 
0111 
0111 
0111 


1 
1 
1 
1 


2 2 2 2 
2 2 2 2 
2 2 2 3 
2 2 2 3 


'10 


1259 


1262 


1265 


1268 


1271 


1274 


1276 


1279 


1282 


1285 


0111 


1 


2 2 2 3 


•11 
•12 
•13 
•14 


1288 
1318 
1349 
1880 


1291 
1821 
1352 
1884 


1294 
1324 
1855 
1887 


1297 
1327 
1858 
1390 


1300 
1830 
1361 
1393 


1303 
1334 
1365 
1396 


1306 
1337 
1368 
1400 


1309 
1340 
1371 
1403 


1312 
1343 
1374 
1406 


1315 
1346 
1377 
1409 


0111 
0111 
0111 
0111 


2 
2 
2 
2 


2 2 2 3 
2 2 2 3 
2 2 3 3 
2 2 3 3 


•16 


1413 


1416 


1419 


1422 


1426 


1429 


1432 


1435 


1439 


1442 


0111 


2 


2 2 3 3 


•16 
•17 
•18 
•19 


144S 
14Y9 
1514 
1549 


1449 
1483 
1517 
1552 


1452 
1486 
1521 
1556 


1455 
1489 
1524 
1560 


1459 
1493 
1528 
1563 


1462 
1496 
1531 
1667 


1466 
1500 
1685 
1570 


1469 
1503 
1538 
1574 


1472 
1507 
1542 
1578 


1476 
1510 
1545 
1581 


0111 
0111 
0111 
0111 


2 

2 
2 
2 


2 2 3 3 
2 2 3 3 
2 2 3 3 
2 3 3 3 


•20 


1585 


1589 


1592 


1596 


1600 


1608 


1607 


1611 


1614 


1618 


0111 


2 


2 3 3 3 


•21 
•22 
•23 
•24 


1622 
1660 
1698 
1Y88 


1626 
1668 
1702 
1742 


1629 
1667 
1706 
1746 


1683 
1671 
1710 
1750 


1687 
1675 
1714 
1754 


1641 
1679 
1718 
1758 


1644 
1683 
1722 
1762 


1648 
1687 
1726 
1766 


1662 
1690 
1730 
1770 


1656 
1694 
1734 
1774 


0112 
0112 
0112 
0112 


2 
2 
2 
2 


2 3 3 3 
2 3 3 3 
2 3 3 4 
2 3 3 4 


•26 


1778 


1782 


1786 


1791 


1795 


1799 


1803 


1807 


1811 


1816 


0112 


2 


2 3 3 4 


•26 
•27 
•28 
•29 


1820 
1862 
1905 
1960 


1824 
1866 
1910 
1964 


1828 
1871 
1914 
1959 


1832 
1875 
1919 
1963 


1887 
1879 
1998 
1968 


1841 
1884 
1928 
1972 


1845 
1888 
1932 
1977 


1849 
1892 
1936 
1982 


1854 
1897 
1941 
1986 


1858 
1901 
1945 
1991 


0112 
0112 
0112 
0112 


I 

2 
2 


3 3 3 4 
3 3 3 4 
3 3 4 4 
3 3 4 4 


•30 


1995 


2000 


2004 


2009 


2014 


2018 


2023 


2028 


2082 


2037 


0112 


2 


3 3 4 4 


•81 
•82 
•33 
•34 


2042 
2089 
2138 
2188 


2046 
2094 
2148 
2198 


2051 
2099 
2148 
2198 


2056 
2104 
2158 
2208 


2061 
2109 
2158 
2208 


2065 
2118 
2163 
2213 


2070 
2118 
2168 
2218 


2075 
2128 
2173 
2228 


2080 
2128 
2178 
2228 


2084 
2133 
2183 
2284 


0112 
0112 
0112 
1122 


2 
2 
2 
3 


3 3 4 4 
3 3 4 4 
3 3 4 4 
3 4 4 5 


•35 


2289 


2244 


2249 


2254 


2259 


2265 


2270 


2275 


2280 


2286 


1122 


3 


3 4 4 5 


•36 

■U 

•39 


2291 
2344 
2399 
2455 


2296 
2850 
2404 
2460 


2301 
2355 
2410 
2466 


2807 
2360 
2415 
2472 


2812 
2366 
2421 
2477 


2817 
2371 
2427 
2483 


2323 
2877 
2432 
2489 


2828 
2382 
2438 
2495 


2333 
2388 
2443 
2500 


2389 
2393 
2449 
2506 


1122 
1122 
1122 
1122 


8 
3 
3 
3 


3 4 4 5 
3 4 4 5 
3 4 4 5 
3 4 5 5 


•40 


2512 


2518 


2528 


2529 


2535 


2541 


2547 


2658 


2559 


2564 


1122 


3 


4 4 5 5 


•41 
•42 
•43 
•44 


2570 
2680 
2692 
2754 


2576 
2686 
2698 
2761 


2582 
2642 
2704 
2767 


2588 
2649 
2710 
2773 


2594 
2655 
2716 
2780 


2600 
2661 
2723 
2786 


2606 
2667 
2729 
2793 


2612 
2673 
2735 
2799 


2618 
2679 
2742 
2805 


2624 
2685 
2748 
2812 


1122 
1122 

112 3 
112 3 


3 
3 
3 
3 


4 4 5 r> 
4 4 5 6 
4 4 5 6 
4 4 5 6 


•45 


2818 


2825 


2831 


2838 


2844 


2851 


2858 


2864 


2871 


2877 


112 3 


3 


4 5 5 6 


•46 
•47 
•48 
•49 


2884 
2961 
3020 
3090 


2891 
2958 
3027 
8097 


2897 
2965 
8084 
8105 


2904 
2972 
8041 
8112 


2911 
2979 
8048 
8119 


2917 
2985 
3055 
8126 


2924 
2992 
8062 
3138 


2931 
2999 
8069 
3141 


2988 
3006 
3076 
8148 


2944 
8013 
8083 
8155 


112 3 
112 3 
112 8 
112 8 


3 

3 

4 
4 


4 5 5 6 
4 5 5 6 
4 5 6 6 
4 5 6 6 
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1 2 


8|4 


5 


6 7 


8 


9 


12 8 4 


5 


6 7 8 9 


•M 


3162 


8170 1 3177 3184 


3192 


8199 


3206 3214 


3231 


8228 


1 1 S 3 


4 


4 6 6 7 


•61 
•62 
•68 
•64 


8286 
8811 
8388 

846t 


8248 
3319 
8396 
8475 


3251 
8327 
3404 
8488 


3268 
3384 
8412 

3491 


8266 
8342 
8420 
8499 


8273 
8350 
8428 
3508 


8281 
8357 
3436 
3516 


3289 
3865 
8448 
3524 


3296 
3373 
8451 
8532 


3804 
3381 
3459 
3540 


18 2 3 
13 2 3 
12 2 3 
12 2 3 


4 

4 
4 
4 


5 6 6 7 
5 6 6 7 
5 6 6 7 
5 6 6 7 


•66 


8548 


8566 


8565 


3578 


8581 


3689 


3697 


8606 


3614 


3622 


12 2 3 


4 


6 6 7 7 


•66 
•67 
•68 
•69 


8681 
3715 
3802 
3890 


8639 

8724 
3811 
8899 


3648 
3733 
8819 
3908 


8656 
8741 
8828 
3917 


8664 
8750 
3837 
8926 


8673 
3768 
8846 

3986 


3681 
8767 
3855 
3945 


8690 
3776 
3864 
3954 


8698 
3784 
8873 
3968 


3707 
3793 
8882 
3972 


12 3 3 
12 3 3 
12 3 4 
12 3 4 


4 
4 
4 
5 


5 6 7 8 

5 6 7 8 

6 6 7 8 
6 6 7 8 


•60 


3881 


3990 


3999 


4009 


4018 


4027 


4086 


4046 


4065 


4064 


12 3 4 


6 


6 6 7 8 


•61 
•62 
•63 
•64 


4074 
4169 
4266 
4365 


4083 
4178 
4276 
4875 


4093 
4188 
4285 
4885 


4102 
4198 
4295 
4895 


4111 
4207 
4305 
4406 


4121 
4217 
4315 
4416 


4130 
4227 
4325 
4426 


4140 
4236 
4835 
4436 


4150 
4246 
4345 
4446 


4159 
4256 
4355 
4457 


12 3 4 
12 3 4 
12 3 4 
12 3 4 


5 
5 
5 
5 


6 7 8 9 
6 7 8 9 
6 7 8 9 
6 7 8 9 


-66 


446T 


4477 


4487 


4498 


4508 


4619 


4529 


4589 


4550 


4560 


12 3 4 


5 


6 7 8 9 


•66 
•67 
•68 
•69 


4571 
4677 
4786 
4896 


4581 
4688 
4797 
4909 


4592 
4699 
4808 
4920 


4603 

4710 
4819 
4932 


4618 
4721 
4881 
4943 


4624 
4782 
4842 
4965 


4684 

4742 
4853 
4966 


4645 
4753 
4864 
4977 


4656 
4764 
4875 
4989 


4667 
4775 
4887 
5000 


12 3 4 
12 3 4 
12 3 4 
12 3 5 


5 
5 
6 
6 


6 7 9 10 

7 8 9 10 
7 8 9 10 
7 8 9 10 


•70 


6012 


5028 


5035 


5047 


5058 


6070 


6082 


6093 


5105 


5117 


12 4 5 


6 


7 8 9 11 


•71 
•74 


6189 
6248 
5370 
5495 


5140 
5260 
5383 
6508 


6158 

5272 
5395 
5521 


5164 
5284 
5408 
5534 


5176 
5297 
5420 
5546 


5188 
5309 
5433 
5559 


6200 
5321 
5445 
5572 


6212 
6333 
6458 
5585 


5224 
5346 
5470 
5598 


5236 
5358 
5483 
5610 


12 4 5 

12 4 5 

13 4 5 
13 4 5 


6 
6 
6 
6 


7 8 10 11 

7 9 10 11 

8 9 10 11 
8 9 10 12 


•76 


5628 


5686 


5649 


5662 


5675 


5689 


5702 


5715 


5728 


5741 


18 4 5 


' 


8 9 10 12 


•78 
•79 


5754 
5886 
6026 
6166 


5768 
5902 
6039 
6180 


5781 
5916 
6053 
6194 


5794 
5929 
6067 
6209 


5808 
5943 
6081 
6223 


5821 
6957 
6095 
6237 


5834 
5970 
6109 
6252 


5848 
5984 
6124 
6266 


5861 
5998 
6138 
6281 


5875 
6012 
6152 
6295 


13 4 6 
13 4 5 
13 4 6 
18 4 6 


7 

? 

7 


8 9 11 12 
8 10 11 12 

8 10 11 13 

9 10 11 13 


•80 


6310 


6324 


6339 


6353 


6868 


6883 


6397 


6412 


6427 


6442 


13 4 6 


7 


9 10 12 13 


•81 
•82 
•88 
•84 


6457 
6607 
6761 
6918 


6471 
6622 
6776 
6934 


6486 
6637 
6792 
6950 


6501 
6653 
6808 
6966 


6516 
6668 
6823 
6982 


6531 
6683 
6839 
6998 


6646 
6699 
6855 
7015 


6561 
6714 
6871 
7031 


6577 
6730 
6887 
7047 


6592 
6745 
6902 
7063 


2 3 5 6 
2 3 5 6 
2 3 5 6 
2 3 5 6 


8 
8 
8 

8 


9 11 12 14 
9 11 12 14 
9 11 13 14 
10 11 13 15 


•86 


7079 


7096 


7112 


7129 


7145 


7161 


7178 


7194 


7211 


7228 


3 3 6 7 


8 


10 12 13 15 


•86 
•87 
•88 
•89 


7244 
7413 
7586 
7762 


7261 
7430 
7603 
7780 


7278 
7447 
7621 
7798 


7295 
7464 
7638 
7816 


7311 
7482 
7656 
7834 


7328 
7499 
7674 
7852 


7345 
7516 
7691 
7870 


7362 
7634 
7709 
7889 


7379 
7651 
7727 
7907 


7396 
7568 
7745 
7925 


2 8 5 7 
2 3 5 7 
2 4 5 7 
2 4 6 7 


8 
9 
9 
9 


10 12 13 16 

10 12 14 16 

11 12 14 16 
11 13 14 16 


•90 


7943 


7962 


7980 


7998 


8017 


8035 


8054 


8072 


8091 


8110 


2 4 6 7 


9 


11 13 15 17 


•91 
•92 
•93 
•94 


8128 
8318 
8511 
8710 


8147 
8337 
8531 
8730 


8166 
8356 
8551 
8760 


8185 
8375 
8570 
8770 


8204 
8395 
8590 
8790 


8222 

8414 
8610 
8810 


8241 
8433 

8831 


8260 
8453 
8650 
8851 


8279 
8472 
8670 
8872 


8299 
8492 
8690 
8892 


2 4 6 8 
2 4 6 8 
2 4 6 8 
2 4 6 8 


9 

10 
10 
10 


11 13 15 17 

12 14 15 17 
12 14 16 18 
12 14 16 18 


•96 


8913 


8933 


8954 


8974 


8995 


9016 


9036 


9057 


9078 


9099 


2 4 6 8 


10 


12 15 17 19 


•96 
•97 
•98 
•99 


9120 
9338 
9550 
9772 


9141 
9354 
9572 
9795 


9162 
9376 
9594 
9817 


9183 
9397 
9616 
9840 


9204 
9419 
9638 
9863 


9226 
9441 
9661 
9886 


9247 
9462 
9683 
9908 


9268 
9484 
9706 
9931 

—J 


9290 
9506 
9727 
9954 


9811 
9528 
9750 
9977 


2 4 6 8 
2 4 7 9 
2 4 7 9 
2 5 7 9 


11 
11 
11 
11 


13 15 17 19 
18 15 17 20 

13 16 18 20 

14 16 18 20 
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Angle. 


Chord. 


Sine. 


Tangent. 


Co-tangent 


Cosine. 








Degrees. 


Radians. 




0° 














00 


1 


1^414 


1^5708 


90° 


1 
2 

3 

4 


•0175 
•0349 
•0524 
•0698 


•017 
•035 
•052 
•070 


•0175 
•0349 
•0523 
•0698 


•0175 
•0349 
•0524 
•0699 


57^2900 
28*6363 
19 0811 
14-3007 


•9998 
•9094 
•9986 
•9976 


1^402 
1-389 
1-377 
1-364 


1-5538 
16359 
1-5184 
1*5010 


89 
88 
87 
86 


5 


•0873 


•087 


•0872 


•0875 


114301 


•9962 


1-851 


1-4835 


85 


6 
7 
8 
9 


•1047 
•1222 
•1396 
•1571 


•105 
•1*22 
•140 
•157 


•1045 
•1219 
•1392 
•1564 


•1051 
•1228 
•1405 
•1584 


9-5144 
8-1443 
7-1154 
6-3138 


•9945 
•9925 
•9908 
•9877 


1-838 
1-325 
1-312 
1-299 


1^4661 
1-4486 
1-4312 
1-4137 


84 
83 

82 
81 


10 


•1745 


•174 


•1736 


•1763 


6^6713 


•9848 


1^286 


1-3963 


80 


11 

la 

13 
14 


•1920 
•2094 
•2269 
•2443 


•192 
•209 
•226 
•244 


•1908 
•2079 
•2^250 
•2419 


•1944 
•2126 
•2309 
•2493 


51446 
4^7046 
4-3315 
4*0108 


•9816 
•9781 
•9744 
•9708 


1^273 
1^259 
1245 
1^231 


1-3788 
1-3614 
1-3439 
1-8265 


79 

78 
77 
76 


15 


•2618 


•261 


•2588 


•26t9 


3-7321 


•9659 


1^218 


1-3090 


75 


16 
lY 
18 
19 


•2793 
•2967 
•3142 
•3316 


•278 
•296 
•313 
•330 


•2756 
•2924 
•3090 
•3256 


•2867 
•3252 
•32« 
•3443 


34874 
3^27U9 
3-0777 
2-9042 


•9613 
•9563 
•9511 
•9455 


1^204 
1^190 
1^176 
1^161 


1'2915 
1^2741 
1-2566 
1-2392 


74 
73 
73 

71 


30 


•3491 


•347 


•3420 


•3640 


2-7475 


-9397 


M47 


1-2217 


70 


21 
22 
23 
24 


•3665 
•3840 
•4014 
•4189 


•364 
•382 
•399 
•416 


•3584 
•3746 
•3907 
•4067 


•3839 
•4040 
•4245 
•4452 


2-6051 
2-4751 
2-3559 
a-2460 


•9336 
-9272 
•9205 
-9135 


ri33 
l^llS 
1'104 
1-089 


1^2043 
1^1868 
1-1694 
1*1519 


69 
68 
67 
66 


25 


•4363 


•433 


•4220 


•4663 


2-1445 


•9063 


1-075 


1-1345 

11170 
1-0996 
1-08*21 
1-0647 


65 


26 
27 
28 
29 


•4538 
•4712 
•4887 
•5061 


•450 
•467 
•484 
•501 


•4384 
•4540 
•4695 
•4848 


•4877 
•5U93 
•5317 
•5543 


3-0503 
1-9626 
1-8807 
1-8040 


•8988 
•8910 
•8829 
•8746 


1-060 
1*045 
1-030 
1^015 


64 
63 
62 
61 


30 


•5236 


•518 


•5000 


•5774 


1*7821 


•8660 


1*000 


1-0472 


60 


81 
32 
33 
34 


•5411 
•5565 
•5760 
•5934 


•534 

•685 


•5150 
•5592 


•6609 
•6249 
•6494 
•6745 


1-6643 
1^6003 
1-5399 
1-4826 


-8572 
-8480» 
•^7 
•8290 


•985 
•970 
•954 
•939 


1-0297 

1-0123 

-9948 

-9774 


59 
58 
57 
56 


35 


•6109 


•601 


•5736 


•7002 


1-4281 


•8192 


-923 


•9599 


55 


36 
37 
38 
39 


•6283 
•6458 
•6632 
•6807. 


'618 
•635 
•651 
•668 


•5878 
•6018 
•6157 
•6293 


•7265 
•7536 
•7813 
•8098 


1-3764 
1-3270 
1-2799 
1-2349 


•8090 
•7986 
•7880 , 
•7771 


•908 
•<-92 

•877 
•861 


•9425 
•9250 
•9076 
•8901 


54 
53 
52 
51 


40 


•6981 


•684 


•6428 


•8391 


1^1918 


•7660 


•845 


•8727 


50 


41 
42 
43 
44 


•7156 
•7330 
•7505 
•7679 


•700 
•717 
•733 
•749 


•6561 
•6691 
•6820 
•6947 


•8693 
•9004 
•9325 
•9657 


1^1504 
1-1J06 
10724 
1-0355 


•7547 
•7431 
•7314 
•7193 


•829 
•813 
•797 
•781 


•8552 
•8378 
•8203 
•8029 


49 
4-t 
47 
46 


46° 


•7854 


•765 


•7071 


10000 


10000 


•7071 


•765 


•7854 


45° 








Cosine 


Co- tangent 


Tangent 


Sine 


Chord 


Radians 


Degrees 




Angle 
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